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The strip transmission line has become a dominant trans­
mission line form since its inception in the post World War 
II years. It is thought by some to be the offspring of a 
wartime development called the "flat strip" coaxial trans­
mission line [2]. It was understood, early on, that these 
"flat strip" coaxial lines could be employed for purposes 
other than simple energy transfer from point to point. They 
could be used to realize many types of microwave passive 
components, such as filters, directional couplers, etc. [2]. 
It was also realized by manufacturers of microwave circuitry 
and devices that the planar geometry of the strip transmission 
line was as suitable to economical fabrication as was the 
conventional low frequency printed circuit. Certainly, the 
development of semiconductor devices that would operate at 
higher and higher frequencies gave considerable impetus to 
the widespread use of striplines. The common coaxial trans­
mission line did not adapt itself well to the process of 
integration of circuit components and connecting transmission 
lines at high frequencies. The printed circuit-type tech­
nology of the strip transmission line is also quite amenable 
to the fledgling microwave integrated circuit technology. 
These applications and developments have all been spurred 
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by the burgeoning usage of the spectrum thus increasing the 
need for better design techniques at higher and higher 
frequencies. 
The purpose of this work is to analyze the behavior 
of a coupled pair (in general, offset) of strip transmission 
lines. Specifically, the effects of real, nonzero thick­
nesses of the strip conductors are to be examined. Past 
analyses of the overlapped coupled stripline structure have 
considered the use of idealized strip conductors of zero 
thickness. These studies have not adequately considered the 
effects of nonzero conductor thicknesses. 
The basic stripline structure is capable of supporting a 
transverse electromagnetic wave (TEM) that propagates longi­
tudinally along the strip transmission line. The full wave 
analytical solution for the existing electromagnetic waves 
reduces to a solution of Poisson's equation in a cross-
sectional plane and is equivalent to an electrostatic solu­
tion in that region. The structure is nondispersive in 
nature. 
The general technique of analysis is an electrostatic 
approach involving numerical integration on a digital com­
puter. This integration technique is applied to a Green's 
function potential integral. The integral is of the Fredholm 
type with the product of a Green's function and the charge 
distribution on the strip conductor surfaces as an integrand. 
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It is possible to assume a potential on the perfectly con­
ducting strips and then to numerically invert, or unfold, the 
integral to solve for the kernel, the surface charge distri­
bution that exists on the strip conductors. From this 
knowledge, the total charge existing on the conductors may be 
numerically approximated and the capacitance or the 
impedance of the structure may be obtained. The trans­
mission line capacitance is a common parameter, along with 
impedance, in describing the electrical behavior of a trans­
mission line. These results allow analysis and, indirectly 
by an iterative method, design of the stripline directional 
coupler. 
B. Statement of Problem 
A cross-section view of the overlapped coupled strip-
line is shown in Figure 1. The structure is bounded on the 
top and on the bottom by parallel perfectly conducting ground 
planes of infinite breadth and of vertical spacing B. The 
two parallel strip conductors are identical. The pair is 
positioned with 180° rotational symmetry about the center 
axis of the structure. The conductors are each of width W, 
thickness T, and lateral overlap W^. The vertical gap 
between the strips is designated by S. The structure is 
filled with a homogeneous nonmagnetic dielectric material of 














Figure 1. Cross-sectional view of coupled overlapped strip 
transmission lines 
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II. ANALYTICAL METHOD 
A. Historical Overview 
The origins of strip transmission lines are unclear as 
are the origins of their use in realizing directional coup­
lers. It is certain that the early 1950's saw an interest 
develop by microwave engineers in etched sheets of both single 
and double conductor lines. A rigorous solution for the char­
acteristic impedance of the single conductor stripline of 
zero thickness was obtainable by a conformai mapping tech­
nique and was well known. The effects of strip thicknesses 
greater than zero on the line impedance were attacked in the 
mid-1950's by S. B. Cohn [8] using an approximate formula 
for line capacitance that consisted of a parallel plate 
component plus a term that accounted for the fringing elec­
tric fields near the edges of the strip conductor. The 
fringing term was based on the fringing capacitance of a 
semi-infinite slab and hence was much more accurate for wide 
strip conductors than for narrow ones. A separate tech­
nique was applied to narrow strips. Other techniques for 
describing the behavior of the thick single conductor strip-
line, including a series matching technique by Begovich [3] 
and a variational technique by Collin [12] were published 
in the late 1950's and early 1960's. The development of 
greater digital computer capability and availability in the 
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middle 1960's led to the implementation of finite difference 
methods in solving the stripline problem [17, 26]. These 
methods, although powerful, required much computer time and 
required a new computer program for each change in cross-
sectional geometry. In recent years, analytical interest 
in the single conductor stripline has been eclipsed by 
interest in the less well understood microstrip. 
The two conductor coupled stripline and its use in the 
directional coupler also has its origins somewhat shrouded in 
time. Major articles on the directional coupler of the 
late 1940's [23, 25] concern themselves only with structures 
that exhibit coupling at discrete points, such as the Bethe-
hole coupler. In a brief, but interesting, historical 
sketch, however. Young [29, pp. v-vii] reports a quarter 
wave contradirectional parallel wire coupler as early as 1941. 
By the middle 1950's interest in parallel wire direction­
al couplers, and more pertinently, parallel strip conductor 
directional couplers, had burgeoned. Cohn [9] considered the 
coplanar structure (W^ < 0, S=T=0) and derived rigorous 
solutions for zero-thickness strips by conformally mapping 
with a Schwarz-Christoffel transformation. The resulting 
equations were functions of complete elliptic integrals of 
the first kind, so he developed a series of nomograms that 
could be conveniently used for coupler design. Considering 
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the possibility of conductor thickness, he introduced a 
fringing capacitance term modified from his previous work on 
the single strip line. This analysis was only valid for wide 
strips, W/B ^  0.35. In 1960, in a series of two articles 
published simultaneously, Cohn [10, 11] looked at the broad­
side (W=W^, S > 0, T=0) coupler, among others. Simplifying 
approximations were possible in the conformai mapping process 
that eliminated the elliptic integrals and yielded more 
manageable equations. It was required that [(W/B)/(1-S/B)] > 
0.35 for permissible accuracy. Since these results could 
only be applied to cases where T>0 with great care, a capa­
citive correction term was devised from semi-infinite slab 
fringing field behavior. 
Getsinger [16] considered the case of very thick 
parallel bar conductors placed side by side. The method 
applied was conformai mapping, yielding a solution involving 
elliptic integrals. The results were presented graphically 
so that one could design from the curves. A maximum error 
of 1.24% was assumed if [(W/B)/(1-T/B)] > 0.35. Gupta [18] 
pursued this solution further providing curves suitable for 
more tightly coupled bars than did Getsinger. 
Shelton [27] considered the case of parallel strip 
conductors not in the same plane but offset from one another 
as shown in Figure 1. This sort of structure grew out of 
necessities to cross lines in stripline circuits. Shelton 
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considered two models. Loose coupling was defined as 
[2(W-W^)/(1+S)] > 0.85. Tight coupling was restricted to 
W^/S _> 0.7. Applying the Schwarz-Christoffel transformation, 
he arrived at an approximate set of design equations that 
were valid for relatively wide strips only [W/(l-S)] > 0.35. 
Shelton's equations have been applied numerically to several 
specific cases of stripline couplers and the results plotted 
[22, in 29, pp. 51-54]. 
Employing a method much removed from the previous con-
formal mapping work, Kammler [20] set up a Green's function 
integral equation and used it to solve for the matrix of 
coefficients of capacitance. Approximate values of the 
charge density existing on the strip conductors were 
determined at discrete points. This charge distribution 
was adjusted with the aid of a digital computer so that the 
potential function made the best fit, in the manner of the 
least squares, to the exact potential. Numerical comparisons 
were made to exact solutions available from conformai map­
ping for the single conductor stripline. Considerable 
accuracy was obtained. Strip thickness was not considered, 
but no restrictions were placed on strip width. 
An outgrowth of Kammler's perceptions was the work by 
Chestnut [6], who found a different numerical technique for 
solving the Green's function integral problem. This tech­
nique will be central to the work presented in this thesis. 
9 
This discussion of the historical development is by no 
means exhaustive, but is merely an attempt to trace the 
general trend in the development of analytical methods. 
The reader will find an excellent bibliography on the general 
subject of the directional coupler, current to 1966, by 
Caswell and Schwartz [5]. 
B. Basic Directional Coupler Concepts 
Fundamentally, the directional coupler is a four port 
device that allows incoming power to be tapped, or split, 
before it exits. The tapped, or coupled, portion of the in­
coming power is directed to a specific exit port, the identity 
of which is determined by the direction of the incoming power. 
It is, in this sense, a directional device. This phenomenon 
occurs when all four ports of the device are impedance 
matched. A fourth port is isolated, meaning that no power 
exits that port. The identities of the coupled and the iso­
lated ports are determined, in general, by the direction of 
the incoming signal. An important descriptive parameter is 
that of coupling, C^, measured in decibels, given by [13] 
Cc = 10 109io ^  (1) 
where is the incident power to the coupler and is the 
power coupled off of the main line. Thus, P^ > P^. Coupling 
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can also be expressed in terms of the voltage coupling ratio, 
or the voltage coupling coefficient, k, as [4] 
Cg = -10 log^QlkjZ (2) 
The common microwave directional couplers, such as the 
Bethe-hole waveguide coupler, or other aperture coupled de­
vices behave such that the coupled energy propagates in the 
same general direction as the incident energy, so that energy 
physically enters the coupler on one side and both the 
coupled and direct waves exit on the other side. This is 
sometimes referred to as forward coupling. 
The coupled stripline structure behaves like a direc­
tional coupler. It is a four-port device that uses electro­
magnetic coupling to transfer energy from one conductor to 
another. Matching all the ports, it can be shown [4] that 
a portion of the incident power is transmitted, a portion of 
the incident power is coupled to a different port, and one 
port is isolated. Maximum coupling occurs when the coupler 
is one quarter-wavelength long. This type of coupler is 
inherently different from the multihole waveguide couplers 
and some transmission line coupling arrangements that depend 
on discrete coupling regions that utilize constructive wave 
interference for the directional effect. The parallel line 
coupler employs continuous coupling throughout its length 
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and the coupled wave is induced in such a manner as to 
propagate backward with respect to the incident wave. This 
structure is often called a contradirectional, or a back­
ward wave directional, coupler. This feature sometimes can 
cause awkwardness if couplers are to be cascade connected 
since this causes the connecting lines to cross. Noncoplanar 
coupled strips, such as seen in Figure 1, can alleviate this 
problem. 
A feature of parallel line couplers is that they per­
form well over wide bandwidths [4, 29, pp. v-vii]. They 
are limited, however, to TEM type transmission systems and 
are not designed to carry the high power level of which a 
waveguide coupler might be capable. 
The basic mode of operation of the coupled stripline 
directional coupler is to apply a signal to the input port 
of one strip conductor and to couple energy to the second 
conductor. In general, this type of operation may be 
considered to be the superposition of two more fundamental 
modes of excitation. In the even mode of excitation equal 
voltages are applied to both strip conductors. The charac­
teristic impedance of either of the strip conductors to 
ground is termed Odd mode excitation requires equal 
and opposite potentials on the strips. The characteristic 
impedance in this case is A discussion of this mode 
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differentiation may be found in Jones and Bolljahn [19], 
among others. High frequency TEM transmission lines whose 
characteristic impedances are real (or nearly so) may also 
be characterized by C, the shunt capacity of the line per 
unit length. This capacitance is related to the charac­
teristic impedance by the phase velocity of propagation 
associated with the transmission line. 
A discussion of this concept may be found in Chipman 
[7], and many other texts. Therefore, the capacitance of the 
coupled stripline is not the same for even and odd excitations 
since the characteristic impedances are different. One 
distinguishes between even mode capacitance, and C^, 
the odd mode capacitance. Both modes propagate at the same 
velocity, the speed of light. The difference between the 
mode characteristic impedances, Z _ and Z or the mode 
oe oo 
capacitances, and C^, is a measure of the voltage coupling 
coefficient, k. These relationships are enumerated in 
Equation (19) in Chapter III. 
Note that in Equations (1) and (2), the coupling in dB 
is always positive and the more loosely coupled the structure, 
the greater the value of C^. This may be slightly confusing 
since the coupled wave is actually smaller in magnitude than 
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the incident wave. Some would describe the coupling in 
negative decibels (multiply Equations (1) and (2) by a 
minus one). The convention of positive dB coupling will 
be used throughout. 
C. Description of Analytical Technique 
The general analysis used to study the coupled strip-
line is that described by Chestnut [6]. The analysis is 
valid, in general, for multiconductor lines of many shapes 
and orientations (provided that they are of constant cross-
section) , but it will be specialized to the case of symmetrical 
shielded offset coupled strip conductors, as seen in Figure 1. 
Each conductor can be characterized by a potential, V, 
a charge, Q, and a bounding surface, S. In general, it is 
possible to consider N of such conductors. A general cross-
section is seen in Figure 2. The entire assembly is bounded 
by a surface 1. The surface Z includes the upper and lower 
ground planes and extends infinitely outward on the sides 
and encloses a region R that excludes the conductor cross-
sections. The electric potential function, ^ (x,y) within R 





^2 i 1 
Vi,Qi Li # # # u 
R ^2'^2 
Figure 2. The general multiconductor transmission line 
structure 




= Vj on Sj 
= 0 on Z 
(4) 
It is possible to apply Green's Theorem in two 
dimensions to this structure. 




where G(x,y; x',y*) is a two-dimensional Green's function 
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that satisfies the equation 
V^G(x,y;x',y') = -6(x-x')ô(y-y') for x',y' in R 
and 
G(x,y;x',y') = 0 on I ( 6 )  
The parameter n is the outward normal to the region R and, 
hence, is directed outward along Z and in toward the con­
ductors on the surfaces 6 is the Dirac delta function. 
The Green's function G(%,y;x',y') will yield the potential 
at the point (x,y) due to a longitudinal line charge of unit 
magnitude per unit length at the point (x',y'). 
Applying the boundary conditions on G reduces Equation 
(5) to 
The normal n, points into the S^'s. Since on any particular 
-*(x,y) = - G^)d&' (7) 
boundary 
of R 
The integration vanishes on S, leaving 
( 8 )  
conductor surface Sj , tp is fixed, constant and equal to Vj, 
then the left hand integral reduces to 
16 
<p 9n d£' (9) 
Si's 
This is an expression of Gauss' Law determining the 
total electric flux emanating from the closed surfaces Sj^. 
Since the line source is located at the point (x',y'),which 
is not located within the S^'s^the net flux is 
S^'s 
an 
d&' = 0 (10) 
Therefore, Equation (8) reduces to 
(f) (x,y) = .i (11) 
S^'s 
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III. ANALYSIS OF THE ZERO-THICKNESS CASE 
A. Analytical Technique 
A common physical situation involving the coupled 
stripline is to have a coupled pair of strip conductors 
whose thicknesses are small relative to their widths. This 
situation can, and classically has been, approximated by the 
idealized case of coupled strip conductors that have width 
but no thickness. Many of the conformai mapping solutions 
mentioned in Chapter II utilize this approximation and it is 
one contributing factor for their regions of greatest accuracy 
being the regions of widest strips. 
Applying this concept to Equation (11) by letting T-»-0 









^ G(x,-a;x' ,-a) *"c) _ 3(f> (x',-g+E) 
(j)^ and ^2 the potentials on the upper and lower conductors. 
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respectively, as shown in Figure 1 and are therefore constants 
e represents a very, very small distance from y=a. 
Changing the variable in the second integral in both 
equations from x' to -x' and designating a-t 
as results in 
(j)^ = 
^ (a) 




+ G(x,-a;-x',-a) }dx' 
(14) 
There are two fundamental modes of excitation of the 
coupled line pair. These are referred to as even and odd 
modes of excitation. In the even mode, both strips are 
placed at the same potential, i.e., volt. Referring 
to Figure 1, the following even symmetry exists; 
cp (x,y) = (J) (-x,-y) 
and 
9*(X'y) = _ ^<t> (-x,-y) (14) 
9y 57^ ^ ' 
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In the case of odd mode excitation, ({)^=-(j)2=+l volt. 
Hence, the symmetry is odd, resulting in 






Applying Equations (14) and (15) to Equation (13) re­
sults in the following pair of equations, 
fb 
1 = [G(x,a;x',a) + G(x,a;-x'-a)][^'^ ^ 
_ Set» (x' ,a ) jI 
3y (a) 
(16) 
+1 = [G(x,a;x',a) ± G (x,-a;-x' ,-a)][^'^ ^ 
_ 3*(x',o )]dx' 
9y (b) 
The + sign implies even excitation when the + sign is used 
and odd excitation when the - sign is used. The bracketed 
term 
f3(t) (x' ,a ) _ 90(x',o ) 1 
^ 3y 3y 
when multiplied by permittivity, is actually an expression 
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of the charge distribution that exists on the infinitely 
thin conducting strip. The charge distribution will be 
different for the two types of excitation and so the 
expression may be subscripted, if desired, to indicate the 
mode of excitation. 
Since symmetry is either even or odd, depending on 
the excitation, a knowledge of the charge distribution on 
one strip conductor automatically supplies knowledge of the 
distribution on the other conductor. It is only necessary, 
therefore, to solve the equations represented in Equation 
(16a). 
The even excitation capacitance, C^, may be defined as 
the ratio of charge stored on conductor 1 to the potential 
of conductor 1 and can be written as 
Qi. fb 3* (x',0 ) a* (x',0*) 
The odd excitation capacitance, C^, may be expressed 
as, 
Qi„ ft> 3*. 
' L 
E is the permittivity of the dielectric material filling 
the structure. These mode capacitances may be related to 








where k is the voltage coupling coefficient and is 
the relative dielectric constant. 
It is possible, then, to solve for the line capaci­
tance, or impedance, under even and odd modes of excitation 
by solving the Fredholm type Equation (16a) for the charge 
distribution on the strip conductors and then using the 
distribution to obtain capacitance or impedance. A suit­
able Green's function to use is given by Chestnut [6] as. 
This is an expression akin to the potential at point (x,y) 
due to a line charge of unit strength and infinite length 
located at (x,y). This choice of a Green's function 
displays a discontinuity of the form 
G(x,y;x',y') = - ln[ 
cosh -^(x-xM-cos ^(y-y*) 
1 # ] (20) 
cosh j(x-x')+cos j(y+y') 
22 
G(x,y;x',y') ->• -^In (x-x')^ + (y-y')^ 
(21) 
as 
(x,y) ^  (x',y') 
B. Numerical Analysis Technique 
Equation (16a) cannot be solved readily in a rigorous 
manner but may be approached by an approximate numerical 
scheme utilizing the digital computer. The following 
section describes a technique used by Chestnut [6]. 
Equation (16a) is of the form 
'b 
K(x,t)f(t)dt = g(x), a<x<b (22) 
a 
where x now represents the point (x,y) and t represents 
(x',y'). K(x,t) is the sum or difference of Green's 
functions, depending on the excitation mode. It is desired 
to evaluate the integral in an approximate manner using 
a Gaussian quadrature formula. 
b N 
K(x,t)f(t)dt = E w. K(x,t.)f(t.) (23) 
a i=l ] J ^ 
Wj is an appropriate weighting function. Letting x=tj 
for each of the N values of tj results in N linear equa­
tions for the N unknowns, f(tj), which is the charge at 
point (x',y'). This procedure is identical to determining 
the potential at so called field points (x,y) due to charges 
23 
located at source points (x',y'). The singularity occurs 
when field and source points coincide. 
Because the kernel of the integral has a logarithmic 
singularity (see Equations (20) and (21)), Chestnut [6] has 
modified the form of Equation (22) to obtain the following: 
fb -, 





ln|x-t|dt = g(x) = 1 
a 
A fx) 
Applying the quadrature formula to the first two integrals 
results in the following ; 
N , 
Z^Wj[K(ti,tj) + ^  ln|t^-tjl]f(tj) 
- A I w. [f(t.)-f (t.)]ln|t.-tj (25) 
J=L J J •'•J 
1 fb 
- f(tj^) Injtj^-tldt = g(tj^) = 1 
a 
where i = 1,2,3,...,N. 
The term in the first summation that results when i=j 
is interpreted as 
c. = limit [K(t.,t) + ln|t.-t|] (26) 
^ t+t^ 1 ZTT 1 
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Therefore, Equation (25), when evaluated at each of the N 
values of i, represents a matrix equation, 
Bf = g (27) 
where f and g are both column vectors of length N (g is 
a unit vector). The coefficient matrix B (not to be confused 








where the term e^ represents the integrable term in 
Equation (25). 
rb 
®i = ln|t^-t|dt = a-b+(t^-a)ln(t^-a) 
+ (b-tj^) In (b-t^) 
( 2 8 )  
(29) 
The capacitance of the transmission line is therefore 
obtainable from Equations (17) and (18). 
rb 
Ce = c 
Co = E: 
N 
f (t)dt = Z w.f (t.) (a) 
a i=l G 
N 




The form of Gaussian quadrature used in the following: 
^i = ^  ^i + ^  (31a) 
where is the i^^ zero of the Legendre polynomial, P^^x) 
and 
^i = ^  ^ [P%'(Xi)]2 (31b) 
^ (1-x.)^ 1 
These values may be computed directly, or may be found 
tabulated up to twenty decimal places [1]. 
In summary. Equation (27) may be constructed from the 
Green's function by use of Equation (28) and consists of an 
N X N coefficient matrix B, a 1 x N vector g, and a 1 x N 
vector of unknowns f(t^). f(t^) represents the values of 
electric charge at each of the N points of evaluation along 
the strip width and may be solved for by standard linear 
equation methods. Capacitance and, therefore impedance, may 
be calculated from the charge distribution f. 
It should also be noted that many analyses of coupled 
striplines consider the groundplane spacing, B(not to be 
confused with the coefficient matrix), to be unity. 
This is true of Shelton [27], Kammler [20], and others. 
Chestnut [6], on the other hand, chose the groundplanes at 
y = +1 (see Figure 1) causing B to have a value of 2. This 
convention is followed throughout this work. The following 
26 
relations apply; 
(a) ^ b-a B - — 
!!ç = b (b) (32) 
B 
1 = 0  ( c )  
27 
IV. ANALYSIS OF THE NONZERO THICKNESS CASE 
A. Analytical Technique 
Often stripline directional couplers are fabricated 
from metallic clad dielectric boards sandwiched together. 
It is quite common for copper clad boards to have a 
metallic layer up to 2 mils (.508mm) thick. In many 
couplers, the dimensions of the strip width W, and the sand­
wich thickness B are such that a one or two mil strip con­
ductor thickness becomes a significant factor in the analysis 
of the structure. The electromagnetic behavior of a 
directional coupler can be shifted significantly from the 
behavior that could be predicted on the basis of idealized 
strip conductors of zero thickness. In these cases it 
becomes necessary to analyze the coupled stripline considering 
the existence of nonzero thickness conductors. This structure 
is the case where T is greater than zero, as seen in Figure 1. 
A conductor with thickness has four sides so that, in the 
same manner that Equation (11) became Equation (16a) when T=0, 
Equation (11) becomes: 
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1= [G(x,y;x',a) + G(x,y;-x',-a)] dx' 
• a ^ 
- j [G(x,y;x',a+T) + G(x,y;-x',-g-T) 3--^ dx' 
a+T , (33) 
[G(x,y;a,y') + G (x,y;-a,-y') ] ^'^ ^dy' 
G dX 
[G(x,y;b,y') + G(x,y;-b,-y') J-^y' 
where the + sign indicates even or odd modes, respectively. 
The first integral in Equation (33) represents integration 
along the lower surface of conductor 1, as shown in Figure 
1; the second integral represents integration along the 
upper surface; the third and fourth integrals are concerned 
with the left-hand and right-hand surfaces, respectively. 
The terms , and -
when multiplied by permittivity, e, represent the charge 
distribution on the lower, upper, left, and right-hand 
surfaces of conductor 1, respectively. These terms may be 
subscripted, if desired, to indicate the excitation type 
since their values are mode dependent. The capacitances of 
the coupled line pair are then given by 
f 9(|) 
r 
Ce.o = J, 
1 
for the even and odd modes. F^, is the path of integration 
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around the cross section of conductor 1. 
B. Numerical Analysis Technique 
The Green's function integral equation for strips with 
thickness (Equation (33)) has four integrals, each of which 
exhibit the form seen in Equation (22) 
fb 
K( X / t ) f ( t ) d t  = g(x), a<x<b (22) 
a 
As in the previous chapter, K(x,t) = [G(x,t) + G(x,-t)] and 
exhibits a logarithmic singularity as x+t. The method used 
in Equation (24) to overcome the singularity must be applied 
to all four of the integrals in Equation (33). Each integral 
may then be reduced to a discrete sum by Gaussian quadrature. 
Equation (33) then becomes a matrix equation, 
^lower ^lower ^ ^ upper ^upper ^left ^left 
+ Bright fright = ^ (ti) - 1 (35) 
If N field points and N source points are considered on each 
side of the conductor, then i = 1,2,...,4N. The B coeffi­
cient matrices have dimension 4N x N and the charge vectors 
are of length N. This matrix equation may be combined into 
the form of Equation (27) 
Bf = g = 1 (27) 
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as is shown in Figure 3. The coefficient matrix B is then 
of size 4N X 4N with elements b^j, where i refers to field 
points and j refers to source points. With N points on any 
surface, then if l£i_<N and lf.j£N, b^j refers to field and 
source points on the lower surface of conductor 1. If 
l<i<N and N+l<j<2N, then b•• refers to field points on the 
lower surface and source points on the upper surface, etc. 
The charge vector f has length 4N and contains the charge 
distributions on all four sides of the conductor. The 
individual elements b^j are obtainable from the following 
equation ; 
for l<i<4N and l_<j£4N, 
bij , N , ®1 . . 
2l "k Inlti'tkl " 2tt ' 
k^i-mN, m an integer 
where for l£i£2N, 
t^ = x^ + = t?, for lli<N 
t. = t^ for N+l<i<2N 1 i-N 
Wi= . —[P' (x.)]^ = wf, for l<i<N 
(1-x^)" 
w. = w* for N+l<i<2N 
X X—N — — 
source points 
fiel, 
lower surface upper left 























Figure 3. Construction of the matrix equation Bf=g for nonzero thickness 
conductors 
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is given in Equation (29) 
Cj^ is determined in Appendix A 
for 2N+l<i<4N, 
^i " l^i ^ l<i<N 
t^ = t^+2N' 2N+l<i<3N 
ti = t^+SN' for 3N+l<i<4N 
wY = Ç • —=• [P'(x.)]^, for l<i<N 
^ 2 (i_x.)2 N 1 
^i " WÏ+2N' 2N+l<i<3N 
^i " Wi+3N' 3N+l<i<4N 
e^ = -T+(t^-a)ln(t^-o) + (a+T-t^)In(a+T-t^) 
is determined in Appendix A. 
If the elements of the matrix B are calculated, then it 
is possible to solve for the charge distribution f by 
ordinary linear equation methods. The capacitance is then 
calculable from an application of Equation (34). 
=e,o - ^  
b 9(|) _(x,a) 
a  — ^ '  
b 3(|)_ (x,a+T) 
e, o dx 
9y 
(37) 
I-a+T 3(() (a,y) rO+T 9(j) (b,y) 





where w^ and are obtainable from Equ 
C. Modified Numerical Analysis Technique 
If the thickness of the strip conductor in Figure 1 is 
small, but not insignificant, it is possible to modify the 
technique described in the preceding section to obtain an 
approximate solution in a slightly different manner. This 
modification is based on the premise that the charge distribu­
tions on the wide sides (upper and lower sides of conductor 
1) of very thin strip conductors must be very close to the 
charge distribution that exists on the idealized zero thick­
ness strip with the same geometry (W/B, W^/B, S/B, etc.). In 
fact, ideally one would expect the charge distribution on the 
zero thickness strip to be divided equally between upper and 
lower surfaces on the nonzero thickness, but very thin, 
conducting strip. Mathematically, 
f(t•)I = Af(t•) 




where t^ is a source point on the wide side of the strip and 
A might be expected to equal to one half. 
The f's for the zero thickness case can be easily and 
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quickly computed and by means of Equation (39) one half of 
the f vector in Figure 3 may be determined. This reduces 
Equation (27) to. 
This matrix equation represents 2N lines equations for 
2N unknowns and is somewhat faster to solve for the re­
maining f's than before. The remaining f's represent the 
necessary charge distribution on the narrow sides of the 
conductor. 
This modified technique is actually more accurate 
for analyzing very thin conducting strips than is the 
complete technique as described by Chestnut [6]. This will 
be discussed in more detail in the next chapter. 







A. Zero-Thickness Case 
The solutions of Equation (11) (shown below for con­
venience) that have been discussed involve Gaussian quadra­
ture numerical integration. 
The purpose of this work has been to solve Equation (11) 
in a region containing strip conductors that have real 
physical dimensions, including thickness. In this situa­
tion, Equation (11) becomes Equation (33) in Chapter IV. 
The solution of Equation (33) requires the reduction of 
each of the integrals by numerical quadrature. This 
results in a solution for (e ^), which is the surface charge 
o n  
distribution on the strip conductors. Quadrature is then 
required a second time to find the total charge and the 
capacitance. 
The question is then raised about the accuracy of the 
numerical quadrature formulae in approximating the integrals. 
What error is involved? How may it be calculated? 
Gaussian quadrature is a very powerful numerical inte­
gration technique. An effect of its power is to obscure 
the amount of error involved in its use [21]. The traditional 
(11) 
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formula for error evaluation requires a knowledge of the 
derivative of the integrand (N being the number of sample 
points in the quadrature formula). In the case of the strip-
line solution, the function itself (-|^) is not known, much dn 
less its derivative. Lanczos [21] has developed an 
upper bound estimate of the error that is much more 
practical to apply, but even this formula is less than 
satisfactory. 
The approach used, therefore, to test the accuracy of 
the computational method used is to compare resulting solu­
tions with known rigorous solutions that exist in specific 
cases. Exact rigorous solutions are available through 
conformai mapping procedures for the centered single con­
ductor stripline of infinite thinness. These solutions are 
well known in terms of elliptic integrals and may be found 
in Kammler [20], as well as elsewhere. 
1. Single centered strip 
In order to obtain a solution for the single centered 
stripline, with which to compare to an exact solution, it is 
necessary to allow the strip overlap, W^, to equal the strip 
width, W. The strip spacing S must be set to zero. Zero 
thickness is assumed (T=0). This means that source points 
exist only on one conductor instead of two. The Green's 
function term K(x,t) that appears in Equation (22), and 
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similar equations, must be reduced to a single terra rather 
than the sum or difference of two terms as in the double 
strip case. Only one conductor contributes to the integral. 
This requires that c^2 = 0 in Appendix A. There can be no 
distinction made between even and odd modes, so there is 
but one transmission line capacitance to calculate. 
Implementing the analysis technique of Chapter III for 
the zero-thickness single strip transmission line on the 
digital computer yielded values of transmission line capaci­
tance. It has been found, invariably, that if C(N) is the 
value of capacitance computed when considering N quadrature 
points along the strip width, then 
C(N^) < CfNj) < CdJj) < (41) 
When 
%1 < ^2 < H3 
It has not been proven that C(N) is a lower bound on the 
exact value of capacitance, but in all cases examined 
numerically, it has been the case. This has also been 
observed by Chestnut [6]. In order to improve upon the 
accuracy of the calculations of C(N), the extrapolation 
formula developed by Kammler [20] and used by Chestnut [6] 
was employed. This expression eliminates second order errors 
of the type 
38 
Bl 32 
n = -4 + "4 (42) 
N 
where 6^ and $2 ^re constants. This extrapolation expression 
is 
( N 3 "N ) C (N 3 )+N 3 ^ (N2-Nj)C(N3) 
{N3-N2) -N2^ (N3-N3^) +N3^ (Ng-Ni) 
and is discussed in greater detail in Appendix B. Use of 
this extrapolation formula does improve the accuracy of the 
final result in that 
C(N,) < CtN;) < C(N,, < C^^trapolated <"> 
when 
"1 < N2 < N3 
A computer program was devised to implement the analysis 
technique, along with extrapolation of the capacitance values. 
N was chosen to be 8, 12 and 24. Table 1 presents the re­
sults that show that the extrapolated capacitances computed 
were within a very small fraction of a percent of the 
exact values that were obtained through conformai mapping. 
Strip widths varied from O.OOOIB to B. 
2. Coplanar zero-thickness coupled strips 
If one allows the parameters in Figure 1 to attain the 
values S=T=0 and < 0, then the resulting geometry is 
referred to as a coplanar pair of coupled strip conductors. 
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Table 1. Results from analysis computer program 
single strip stripline^ 
GAUSS for 
W/B C/e, Exact C/e, extrapolated S Ï difference 
.0001 0.61933 0.61933 -
.0003 0.69455 0.69455 -
.001 0.80117 0.80117 -
.003 0.93169 0.93169 -
.01 1.13417 1.13417 -
.03 1.41467 1.41467 -
0.1 1.93965 1.93964 -0.0005 
0.3 2.91347 2.91346 -0.0003 
1.0 5.76449 5.76446 -0.0005 
^difference = extrapolated - C, Exact ^ 
VmK y ili^âO 
In this case, electromagnetic coupling occurs primarily 
at the inner edges of the two strips. Coupling is there­
fore limited to weaker interactions than are possible if the 
strips overlap. For instance, it is difficult to build 3 dB 
directional couplers of the coplanar type since extremely 
small gaps, W^, are required. This type of coupler construc­
tion is popular, however, when practical due to the simplicity 
of its sandwiched construction. 
The coplanar stripline is amenable to solution by 
conformai mapping and, hence, a rigorous solution exists. 
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This solution is given by Cohn [9] and others in terms of 
complete elliptic integrals of the first kind. 
Chestnut [6] has published so called exact values of 
even and odd mode capacitances: 
Cg/e = 1.8509 
Cq/s = 3.9267 
for the specific case of W/B = 0.2 and W^/B = -0.1. The 
units of Cg/e and C^/e are meters. 
A computer program was written (referred to as program 
GAUSS in Appendix D) implementing the Chestnut analytical 
techniques described in Chapter III. Again N was chosen as 
8, 12, and 24 and the capacitances were extrapolated by 
Equation (4 3) . 
The resulting capacitances that were calculated, when 
rounded to five significant figures,compared exactly in every 
digit to the exact values seen above. 
In an attempt to generate additional exact values of 
capacitance for the coplanar strips, a computer program was 
written utilizing subroutine DCELl from the IBM Scientific 
Subroutine Package (SSP) to evaluate the necessary complete 
elliptic integrals of the first kind. Although the 
accuracy of the subroutine is predicted to be of almost the 
double precision accuracy of the computer, it was found that 
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the resulting capacitances were approximately 0.1% lower than 
the above published values when W/B =0.2 and W^/B = -0.1. 
Table 2 displays the exact values of even and odd mode 
capacitances as calculated with SSP subroutine DCELl versus 
the approximate values computed by program GAUSS. A range 
of strip widths from W = .0001 B to B was examined while 
maintaining W^/B = -0.1. The approximate values are a 
maximum of 0.07% above the exact values. The differences 
between the exact values of voltage coupling coefficients 
and the approximate values are not shown but are also quite 
small (about 0.0003%). 
Regardless of the small discrepancy in determining the 
exact values of capacitance, the approximate values obtained 
by implementing the analysis technique described in Chapter 
III are very close to the exact values of capacitance. 
The numerical approximation technique seems quite good. 
3. Overlapped coupled strips of zero-thickness 
The major work that has been applied to overlapped 
coupled strip transmission lines in the past has been that 
of Shelton [27]. In general, Shelton's work was restricted 
to 
> 0. 35 (45) 
Two models were employed to describe a wide range of coupling 
Table 2. Comparison of approximate and exact values of even and odd mode 
capacitances of coplanar coupled strip conductors (W^/B=-0.1)^ 
Exact Values Approximate Values 
W/B Cg/E Cq/E C^/E A% CQ/E A% 
1. 0 5. 06335 7. 42715 5. 06684 0. 069 7. 43240 0. 070 
0. 2 1. 84964 3. 92401 1. 85092 0. 069 3. 92671 0. 069 
0. 1 1. 41577 3. 16861 1. 41675 0. 069 3. 17079 0. 069 
0. 01 0. 85946 1. 66447 0. 86006 0. 069 1. 66562 0. 069 
0. 0001 0. 64785 1. 04769 0. 64829 0. 069 1. 04841 0. 069 
0. 0001 0. 52309 0. 75769 0. 52346 0. 069 0. 75821 0. 069 
^AQ. _ approximate value - exact value „ i nna 
A% - exact value 1°°%' 
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values. For loose coupling: 
2 (W-W ) 
—I+S^ 1 0.85 (46) 
For tight coupling: 
^c 
> 0.7 (47) b — 
These two models are approximate and the solutions for 
loose coupling do not match the solutions for tight 
coupling at the boundary between the two models. This 
boundary region where the two models do not match is a 
region of maximum inaccuracy within the limits prescribed 
by Equation (45). 
Shelton developed his equations for stripline design. 
The resulting geometrical parameters W/B and W^/B are 
produced for given impedances and coupling coefficients k. 
As such, it is awkward to compare his results with the values 
computed by the Chestnut numerical technique described in 
Chapter III. Mosko [22, in 29, 51-54] generated graphs from 
Shelton's equations showing values of W/B and W^/B versus the 
coupling coefficient k for fixed values of characteristic 
impedance and dielectric constant e^. 
Shelton has defined a region of solutions deemed the 
"best range of parameters." This region is defined by 
values of and S/B. Within this region, the imperfect 
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match between loose and tight coupling is minimized. 
Table 3 presents the parameters for three 50SÎ direc­
tional couplers with = 2.65 and S/B = 1/7. These couplers 
lie outside, but very near the "best range of parameters." 
Theoretically, Shelton's values for these couplers should be 
quite good. The three directional couplers were chosen for 
their convenient values of k (0.5, 0.3, and 0.2) and the 
resulting values of W/B and W^/B were graphically obtained 
from Mosko's curves [in 29, pp. 51-54]. The case of k = 0.5 
represents tight coupling, the case of k = 0.2 represents 
loose coupling, and the case of k = 0.3 lies within the 
region of mismatch. These values of W/B and W^/B were 
supplied as input data to program GAUSS for analysis. The 
calculated values of k are shown in Table 3. The differences 
between these values of k from program GAUSS and the original 
values of 0.5, 0.3, and 0.2 is less than 1% in all cases, 
indicating good correlation with Shelton's results within a 
region in which his solutions are deemed accurate. The 
maximum percent difference occurs at k = 0.3 which lies 
within the region of model mismatch. Some allowance must 
also be made for inherent error in translating graphical 
data. 
The design problem, rather than the analysis problem, 
is usually of more practical interest. It is possible to 
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Table 3. Results of analysis program GAUSS for overlapped, 
coupled stripline compared to Mosko's curves [22,in 
29, pp. 51-54] s/B = 1/7, = 500, = 2.65% 
W^/B m ^ ^  k % difference 
0-193 0.5 2.6793 8.008 0.49984 -0.032 
-0.005 0.6 3.4072 6.3026 0.29819 -0.60 
-.1175 0.6475 3.7784 5.6560 0.19902 -0.49 
difference k = '^GAUSS-'^MOSKO ^ 
MOSKO 
use the zero-thickness analysis scheme in an iterative com­
puter program and achieve design results. Such a program 
has been written and tested with some success [24] utilizing 
the iteration function [28] 
f(Xi) 
*i+l *i f [x^,x^_^]+f [%i-l'Xi-2] 
where 
f[a,bl = 
for finding the roots of the equation f(x) = 0. f{x) was 
chosen as 
f(x) = C - C (49) 
desired extrapolated 
C was obtained from given values of Z and k. Seem-
desired 
ingly good results were obtained in many cases. Table 4 
shows design results for 50ÎÎ directional couplers when 
Table 4. Results of design program SYNW for coupled, offset stripline compared 
to values computed from Shelton's [27] equations^ 
Shelton's Values Design Values 
k W^/B W/B W^/B A% W/B A% 




48 0. 638501 -0. 0005 
0. 17556 -0. 108281 0. 741805 -0. 105019 — 3. 01 0. 741812 +0. 0009 
0. 05975 -0. 4430496 0. 781153 -0. 440842 -0. 50 0. 781149 -0. 0005 
0. 06338 -0. 424361 0. 780425 -0. 422139 -0. 52 0. 78422 -0. 0004 
0. 08217 -0. 3424699 0. 776042 -0. 340154 -0. 68 0. 7760397 -0, 0003 
m 
design value - Shelton's value , 
TTT. 1 * XUU« , 
= son, = 2.22, S/B = 
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= 2.22. Each coupler was designed using about 17 seconds 
of computer time on an IBM 360/370 tandem combination. A 
listing of the computer program, SYNW, appears in Appendix 
D. 
This design scheme does not perform uniformly well for 
all cases. Great dépendance is placed upon the initial values 
of width and overlap chosen with which to begin iteration. 
Initial values poorly chosen can result in a design with the 
proper even mode capacitance but not the desired odd mode 
capacitance. The resulting and k may be in error. This 
difficulty seems correctable, but at the expense of economy. 
The testing of two variables in the iteration process, such 
as Cg and C^, or and k, instead of merely would 
eliminate many of the difficulties encountered. This has 
not been attempted. 
B. Nonzero Strip Conductor Thicknesses 
As discussed at the beginning of this chapter, con­
sideration of strip conductors with real physical thick­
nesses involves the solution of Equation (33) in Chapter IV. 
The resulting matrix equation. Equation (36) , has dimensions 
4N X 4N. The zero-thickness analysis involved an N x N 
matrix equation. N is the number of points used in the 
Gaussian quadrature decomposition of each integral. For 
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economic reasons, N has been chosen to be smaller than it was 
in the zero-thickness cases. 
A FORTRAN computer program, CAST, (Listed in Appendix 
D), was written to implement the technique described by 
Equation (36). N was allowed to take on the values of 4, 
8, and 12. The extrapolation procedure, used so success­
fully in the zero-thickness cases, was used. Again, it has 
been invariably found that the resulting capacitances are 
lower bounds in that Equation (44) is obeyed. 
1. Single centered strip 
Many single strip transmission lines were examined on 
the basis of zero conductor thickness in Table 1. Two of 
these cases were re-examined on the basis of finite thinness 
by computer program GAST. The first case dealt with a strip 
of width ratio W/B = 0.001. This is a relatively narrow 
strip. The second case was a wider strip with a width ratio 
W/B = 0.3. The transmission line capacitances were calcu­
lated by program GAST (some modifications must be made on 
GAST to accommodate a single strip) for increasingly small 
conductor thicknesses. The results have been plotted in 
Figures 4 and 5. The exact rigorous solution (T=0) is 
marked for comparison. The capacitance was also computed 
using Cohn's [8] approximate technique. Cohn considers his 
technique to have a maximum error of 1.2%. It can easily be 
SINGLE STRIP LINE 
CHESTNUT. CAST O 
GAUM tA=0. S) & 
GAUM IA=0.1192S1 + 
COHN m 
EXACT SOLUTION. T=0 X 
tC/€=0.80117) 
W/B=0.001 
îxïÔ^ b ' k b'\xio-®' k  '  k"k '^x lO-^ '  b  '  k '  
STRIP THICKNESS, T/B 
k'UiQ-' k ' n 
Figure 4. Capacitance of the single centered strip transmission line for a 
range of thicknesses 
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STRIP THICKNESS, T/B 
Figure 5. Capacitance of the single centered strip transmission line for a 
range of thicknesses 
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seen from either graph that the results from the Chestnut 
[6] method of program CAST do not converge asymptotically 
to the rigorous zero-thickness solution. The problem is 
intensified for the wider strip. 
2. Modification of the Chestnut method 
Although the explanation for this great error as T^O 
is not understood with great certainty, it seems apparent 
that the problem lies in the numerical analysis process. 
As T becomes small, the range of integration becomes small 
in the two integrals that deal with the thin sides of the 
conductor. There seems to be significant error associated 
with allowing the N Gaussian quadrature points to become 
too closely packed. The error could lie in the computation 
of the elements B^j of the B matrix when source and field 
points become too closely spaced. Physically, one would 
expect the charge density on the strip to peak higher and 
higher at the corners as the thickness is reduced. It is 
well-known that charge tends to accumulate in greater densi­
ties at corners, edges, or sharp regions on a conductor. 
This sort of behavior is consistent with the charge distribu­
tions calculated by program CAST as T is made smaller and 
smaller. A threshold is reached, however, beyond which the 
charge distribution behaves in an unrealistic manner. In 
this region, the error in the capacitance calculation becomes 
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great. 
In order to overcome this error, a modification can be 
made in the analysis technique. This modification has been 
described in the previous chapter. To reiterate, it is 
expected that for thin strips the charge distribution on the 
wide surfaces (upper and lower surfaces) should be closely 
related to the charge on an infinitely thin strip conductor 
of the same width. Computer program GAUM (listed in 
Appendix D) was written to implement this idea for the 
single centered strip. 
Ideally one might expect the charge distribution on 
the upper and lower surfaces of a very thin strip to be one 
half that of an infinitely thin strip. The parameter A, in 
program GAUM, determines this proportionality. The curves 
shown in Figures 4 and 5 for GAUM (A = 0.5) are the results 
of forcing the very thin strip charge to conform to one 
half the infinitely thin case. Numerical experience, however, 
indicates that perhaps A = 0.4925 is more of an optimum value. 
There are subjective values in this judgement. 
A curve for GAUM (A = 0.4925) is shown in Figures 4 
and 5. In the worst case shown, W/B = 0.3 in Figure 5, the 
asymptotic error between the exact value of C/e (T=0) and 
C/e (GAUM, A = 0.4925) is approximately 0.3%, using the 
exact as a base. The error is substantially smaller for the 
more narrow strip. For very thin strips, the modified 
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Chestnut technique seems superior to the regular analytical 
method of GAST. 
It should be noted that the extrapolation formula is 
also used in the modified method of GAUM. The resulting 
capacitance seems to be an upper bound on the true value. 
Invariably, 
C(N^) > C(N2) > CIN;, > C^^trapolated <=<» 
for 
Ni < N2 < N3 
This observation has not been proved, however. 
3. Coplanar coupled strip conductors with nonzero thickness 
It is interesting to examine the case of two coplanar 
centered strips since exact rigorous solutions do exist 
when T=0. Program GAST easily implements analysis of the co­
planar strips when W^<0 and S=-T. Specifically, the case of 
W/B =0.2 and W^/B = -0.1 has been examined. This is the 
case for which Chestnut [6] has published exact values of 
even and odd mode capacitances. The approximate capacitance 
values computed by program GAST for many strip conductor 
thicknesses are shown in Figure 6. Again, it is seen that 
for small values of T, the solution does not converge 
asymptotically to the known exact zero-thickness solution. 
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Figure 6. Even and odd mode capacitances of a coplanar pair of coupled strip 
conductors for a range of thicknesses 
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to implement the thin conductor modifications on the 
Chestnut technique that have been discussed. Program GAM2 
is merely a 2-strip variation of program GAUM. The charge 
distribution on the upper and lower conductor surfaces were 
placed at 49.25% of the zero-thickness charge distribution. 
These results are also plotted in Figure 6. It can be seen 
that the results of GAM2 converge quite well to the T=0 
exact capacitance values. The even and odd mode capaci­
tances differ by 0.37% and 0.29%, respectively, from the 
exact values published for zero-thickness. This comparison 
is made at T/B = 2.0 x 10 ^ (T/W =10 ^ ). These percentage 
values are obtained by using the exact zero-thickness value 
as the base. 
It is of interest to note in Figure 6 that the capa-
citance curves from GAM2 and GAST merge at T/B = 2.0 x 10 
(T/W = 10 ^). For strips of greater thickness, GAM2 solu­
tions begin to diverge upward from GAST. The small thick­
ness approximation does not function as well for strips 
that are thicker than T/B = 2.0 x 10 in this case. In 
fact, if one monitors the calculated side wall charge distri­
butions on the strip conductors, it can be seen that their 
behavior is unrealistic and suspect for the thicker strips. 
When dealing with directional couplers, it is common 
to define their characteristics in terms of the voltage 
coupling coefficient, k, and the characteristic impedance, Z^, 
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rather than in terms of the even and odd mode capacitances. 
The quantities are interrelated by Equation (19) in Chapter 
III. 
The coupling coefficient for the coplanar coupled 
striplines of ratios W/B = 0.2 and W^/B = -0.1 is plotted 
versus strip thickness in Figure 7. The range of strip 
thicknesses is identical to that in Figure 6. Program GAM2, 
the thin strip approximation, produces an asymptotic value 
of coupling coefficient nearly identical to the rigorous value 
for zero-thickness. Program GAST, on the other hand, produces 
a value of k, at the smallest thickness (T/B = 2.0 x 10 ^), 
about 7 3/4% below the exact zero-thickness value. The 
behavior is very similar to the capacitance curves in Figure 
6. The differences between the solutions from GAST and GAM2 
are minimized near T/B = 2.0 x 10 ^ (T/W = 10 ^). Much 
beyond T/B = 2.0 x 10 ^, the two methods begin to diverge 
from one another. At T/B = 0.2, the value of k produced by 
GAM2 is approximately 3% above the value produced by GAST. 
It is clear that program GAM2 and the thin strip 
modification represent the better model for very thin strips. 
It also seems clear that program GAST represents the more 
accurate model for relatively thick strips. The line of 
demarcation between the two models is ill-defined, however. 




EXACT SOLUTION. T=0 X 
N/B=0.2, Wn/B=-0.1 
STRIP THICKNESS, T/B 
Figure 7. Voltage coupling coefficient of a pair of coplanar coupled strip 
conductors for a range of thicknesses 
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in which the criteria for choosing one model over the other 
are less apparent. In the case of this specific coplanar 
directional coupler, at T/B > 2.0 x 10 ^ a monitoring of 
the charge distributions calculated by the thin strip tech­
nique begins to indicate anomolous behavior. This, 
coupled with the fact that CAST, the unmodified Chestnut 
routine, produces the more conservative increase in coupling 
due to thickness, points to CAST as the more reasonable 
approximation of the actual solution. This judgement is 
somewhat subjective. 
4. Overlapped coupled striplines of nonzero thickness 
Computer programs GAST and GAM2 inherently handle the over­
lapped stripline if the S/B ratio is properly valued. The 
previous coplanar line is merely a special case. The SOn 
directional couplers described in Table 4 can be reanalyzed 
to determine the effect of nonzero conductor thicknesses. 
The geometrical dimensions of these couplers were suggested 
by the U.S. Naval Weapons Center, China Lake, California. 
B, the sandwich thickness, is given as 155.7 mils (0.395478 
cm) and the conductor spacing, S, equals 30.7 mils (0.77978 
mm). This is the equivalent of constructing the sandwich 
from two copper clad dielectric boards 1/16 inch thick each 
(0.15875 cm) with a center spacing board of 30.7 mils placed 
between. Three common copper thicknesses are assumed possible. 
Table 5. Effect of strip thickness on coupling coefficient for overlapped coupled 
striplines. Three standard copper plating thicknesses are considered^ 
k(T=0) 
1/2 oz. copper 1 oz. copper 2 oz. copper 
Ak% AdB Ak% AdB Ak% AdB 
.39336 3.07 -0.2622 4.88 -0.4134 8.16 -0.6816 
.26607 4.29 -0.3556 6.50 -0.5465 10.77 -0.8794 
.17556 5.01 -0.4241 7.61 -0.6368 12. 28 -1.0060 
.12589 5.35 -0.4526 8. 03 -0.6975 13.22 -1.0781 
.06338 5.78 -0.4879 8.52 -0.7105 13.40 -1.0923 
.05975 5.72 -0.4871 8.47 -0.7131 13.35 -1.0955 U1 yo 




2 oz. copper, where T = 2.8 mils (7.112 mm) 
1 oz. copper, where T =1.4 mils (3.556 mm) 
1/2 oz. copper, where T = 0.7 mils (1.778 mm) 
The assumption is also made that the total sandwich height, 
B, remains fixed. It is also assumed that the dielectric 
material is uniformly deformable under pressure. If T>0 
and B is unchanged, then the conductor must "squeeze" into 
the dielectric material above and below it. This means 
that the zero-thickness value of S must be replaced by 
Sj = S| - T . (51) 
T>0 T=0 
T/W = 10~® is considered essentially zero-thickness. 
The values of k produced by computer program GAM2 at T/W = 
— 6 10 do not, however, coincide closely enough to the values 
of k (for T=0) shown in Table 4 to be considered identical. 
This discrepancy causes the absolute value of coupling 
coefficient calculated by GAM2 to be slightly suspect in 
terms of accuracy. For this reason, the change in k from 
T/W = 10 ^ to the specific T desired is the quantity of 
primary interest. Generally, the effect of thickness is to 
increase the coupling (decrease the number of decibels). 
Table 5 is a tabulation of the increases in coupling for 
each thickness of copper conductor. This increase in 
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coupling, Ak%/ uses k at T/W = 10 ^ as a base and AdB = 
dB^>0 - dB(T/W = 10 ^). The actual coupling achieved is 
given by 
dBactual = + AdB (52) 
It can be seen that the thinnest of the copper strips (1/2 
oz. copper) produces a significant change in the amount of 
coupling in these 500 directional couplers. The effect of 
the strip thickness is not negligible. 
It should be noted that T/W ranged from approximately 
5.76 X 10 ^ to 2.81 X 10 ^ throughout Table 5. All values 
were obtained from program GAM2. This decision was based 
on the conservative criteria previously discussed. Addi­
tional values of k were added to those of Table 4 in order 
to provide sufficient data for Figure 8. Figure 8 is a 
graphical representation of the data in Table 5. Figure 8, 
however, is arranged so as to facilitate the actual design 
of directional couplers. AdB is plotted versus the actual 
dB of coupling desired. Once AdB is determined, one can 
employ Equation (52) to determine the amount of coupling to 
be designed for on a zero-thickness basis. Design on the 
basis of zero-thickness strips is readily done using 
Equation (48) , or by some of the other methods available, 
such as Shelton's equations [27]. 
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Figure 9 is an interesting curve illustrating the ef­
fects of a changing S/B ratio on AdB. A W/B ratio of 0.75 
is chosen since it is typical of the 500 directional couplers 
of Figure 8 (and Table 5). T/B = 0.01 is chosen as typical 
of the 1 oz. copper strip conductors in Figure 8. The 
greatest effect on coupling occurs with the largest S/B 
ratio. 
C. Sample Calculations 
1. Example of directional coupler analysis 
A directional coupler has been designed by a zero-
thickness technique to exhibit a 500 characteristic impedance 
and a coupling coefficient of 0.17556 (see Tables 4 and 5). 
This implies 15.1115 dB of coupling. The conductors are 
spaced so that 
S/B - -0307 _ 
.125 + .0307 
1 oz. copper clad dielectric board of dielectric constant 
= 2.22 is used. Determine the actual coupling achieved. 
From Table 5 (or Figure 8), AdB =-0.6368. The actual coupling 
of the directional coupler with nonidealized conductors 
is then 
dBactual 15.1115 - 0.6368 = 14.4747 dB 
o 3" EFFECT OF THICKNESS Eg=50 OHMS 
€0=2.22 
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1 OZ. COPPER 
1/2 OZ. COPPER 
J , J , J ; 
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 
COUPLING DESIRED, OB 
Figure 8, Effect of strip conductor thickness on overlapped coupled striplines 
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5.00 10.00 15.00 20.00 25.00 30.00 35.00 
COUPLING DESIRED. DB 
0.00 
Figure 9. Effect of strip conductor thickness on overlapped coupled striplines 
for a range of S/B ratios 
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2. Example of directional coupler design 
A 20 dB directional coupler is to be designed to have 
a 50^ characteristic impedance. The S/B ratio and the di­
electric constant are the same as in the preceding example. 
2 02. copper conductors are to be used. From Figure 8, 
AdB =-1.17 dB. 
dB^^Q = 20 + 1.17 = 21.17 dB 
If one designs on a zero-thickness basis, a 21.17 dB direc­
tional coupler must be designed. It is possible to use the 
basic Chestnut [6] analysis technique in conjunction with 
Equation (48). If this is done, as is done by design program 
SYNW, this results in the following dimensions necessary 
for realization of the directional coupler: 
W/B = 0.77464 
W^/B = -0.32078 
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VI. SUMMARY AND CONCLUSIONS 
An electrostatic two-dimensional model for the over­
lapped coupled stripline has been used. A potential was 
assumed on the strip conductors. This assumed potential has 
two distinct forms representing excitations of the structure 
with either even or odd symmetry. In general, an arbitrary 
excitation may be formed by a specific superposition of 
these two fundamental modes. 
Considering a known, or assumed, potential on the 
strip conductors, an implicit integral equation has been 
formed for the resulting surface charge distribution on the 
strip conductors. This equation involves an appropriate 
Green's function for the rectangular region of interest. 
The charge distribution has been determined by in­
verting the integral equation by means of a numerical Gaussian 
quadrature method. Special precautions were taken to deal 
with the singularity in the Green's function. From this 
numerical approximation of the surface charge density, the 
capacitance, characteristic impedance, and voltage coupling 
coefficient were obtained. 
Although prime interest was in the effects of strip 
conductor thickness on capacitance and coupling coefficient, 
the idealized case of strip conductors of infinite thinness 
was also examined. These results were compared to known 
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rigorous solutions for special configurations of the con­
ductors. 
The analysis technique has been applied to strip trans­
mission lines whose conductors have real physical thick­
nesses. It was found that for very small thicknesses, the 
net error in the analysis technique was often unacceptably 
large. 
A new model has been devised with which to better 
describe the transmission line with very small, but nonzero, 
thicknesses. The charge distributions on the two wide sides 
of the very thin conductors were forced to takq on values 
that were related to the charge distributions existing on 
infinitely thin strips of the same width. It has appeared 
that this model describes the behavior of the very thin strip 
conductor more accurately than the previous model. 
It has been shown that in stripline directional coup­
lers with geometries comparable to common constructions, the 
effects of conductor thickness may be significant. Analyses 
on the basis of zero-thickness conductors may be in error. 
A method for stripline directional coupler design has 
been presented utilizing design on the basis of zero-thickness 
conductors and a correction term with which to account for 
conductor thickness. 
Further study is indicated for determining the cause of 
the failure of the Gaussian integration method as applied. 
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The problem may be in the quadrature process itself as the 
points, tj,, become too closely packed. 
Further study is also indicated for finding a technique 
of solution of the basic Fredholm equation that avoids the 
failure previously mentioned. The criteria for finding a 
superior technique concern both accuracy and the economics 
of achieving the solution on the computer. Whereas the method 
described in this thesis has regions where deficiencies in 
accuracy require the use of a modified model, the total 
cost in computation time is moderate to small. 
An altogether different approach of unfolding the 
Fredholm integral has been described by Cook [14, 15], 
although this method has not been pursued. It is not clear 
that this technique is applicable to a singular integrand and 
if it is, it is not clear that it is an economically feasible 
alternative solution. 
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IX. APPENDIX A: EVALUATION OF LIMIT TERMS 
A. Zero-Thickness Case 
It is necessary to evaluate Equation (26) when con­
sidering the infinitely thin coupled striplines of Chapter 
III. 
c. = limit [K(t.,t) + ln|t.-t|] (26) 
t^t, 1 ^7T 1 
1 
where, 
K(t^, t) = Ki(ti,t) + K2(t^,t) (A.l) 
and, Ty 
1 cosh ^(x.-x) - cos y(y,-y) 
Kl(ti,t) = in (A.2) 
cosh ^(xj^-x) + cos •^{yi+y) 
and, 
^ cosh ^ fxj^+x) - cos j-(y^+y) 
° cosh J(x.+x) + cos J(yi-y) 
When T=0, then t=t. = CT in the expression for c. and 
Cj = c. + c. , where c. = K„(x.,x) (A.4) 
1 il I2 z 1 
= limit [K,(x^,x) + ^  Injx^-xl + K2(xj^,x)] (A.5) 
X+Xi 
, cosh y(x.-x)-1 
c. = limit [- -T— In 
^1 X^Xj^ cosh ^(X^-X)+C0S ÏÏCT 
+ ^  ln|x.-x|2] (A.6) 
4ir ' 1 ' 
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, cosh y(x.-x)-l , 
Ci = limit - ^  ln[ ] ' 
1 x->x. cosh --(x.-x)+COS ira x •-x 
^ 2 ^ ^ (A.7) 
Since this limit is undefined, L'Hospital's rule must be 
applied twice, successively, to yield: 
2 TT 
, TT cosh y(x.-x) 
c. = limit - 7— ln[ = ] (A. 8) 
^1 X+Xi " 
where 
D = m^|x^-x|^ cosh ^(x^-x) + 4Tr 1 x^-x] sinh jCx^-x) 
+ 4n|x^-x| sinh jCx^-x) + 8 (cosh j(Xi-x)+cos ira) 
or, 
2  3 / 2  
(A. 9) 
Therefore, 
where the + sign refers to even and odd modes of excitation, 
respectively. 
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B. Nonzero Thickness Case 
When considering coupled stripline conductors with 
thickness (T>0), c^ is of the general form seen in 
Equation (22), but is more specifically defined by 
Equation (33). 
When considering points on the lower surface of con­
ductor 1, l£î£.N and y=y^=a so that c^ is found to be exactly 
equal to the zero thickness expression found in Equation 
(A.10). Similarly, when considering coincidental field 
and source points on the upper surface of the conductor, 
N+l<i<2N, y=y^=a+T and is found by substituting a+T for 
T in Equation (A.10). 
When calculating Cj^ on the left-hand surface of the 
conductor, 2N+l<i<3N and x=x.=a. Therefore, 
— — 1 
c^ = c^ + B^fyi'^i) (A.11) 
where ^ 
1 1-cos ô(y.-y) -, 
c = limitl- In ^ ln|Y.-yll (A.12) 
1 y*Yj_ 1+cos 5(y^+y) 
, 1-cos j(yi-y) 1 
c. = limit l-~ ln[ i— • —-—j] (A.13) 
1 1+cos 2(yi+y) lYi-yl 
Applying L'Hospital's rule twice, in a parallel manner to the 




Oi^= è ^l^cos jra, (A.14, 
1 ,_,23/2 /1+cos wa, X 1 ,_,=°sh Tra-cosjiy.^ 
(A.15) 
Ci = ^  in[f ^ -] 
2N+l<i<3N 
This equation is valid also for points on the right-
hand side of conductor 1, where 3N+l£i_<4N and y=yi=b, provided 
the parameter b is substituted for a. 
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X. APPENDIX B; DERIVATION OF EXTRAPOLATION FORMULA 
In his paper on strip transmission lines, Kammler [20] 
was faced with a practical problem of economy of computa­
tion time of the digital computer. Considering sinusoidally 
spaced points of observation along the strip width and using 
an IBM 7044 (a slower computing machine than more modern 
models) a very large number of discrete points had to be 
considered to achieve desired accuracy. By studying the 
error involved in the case of a single, centered strip 
(for which rigorous solutions are available), he found that 
the error n, had the following behavior: 
T] = C-C(N) = ^  ^  
^ N N-^ 
where C is the exact value, C(N) is the approximate solu­
tion calculated on the basis of N points along the strip 
width and and $2 constants. He then deduced the 
following second order extrapolation formula to eliminate 
errors of this type: 
(Ng-NgiCCNi l -Ng^ (Ng-N^)  C (Ngl+Ng^ (Ng-N^jC (N3) 
(N3-N2)-N2='(Nj-Ni)+N3^N2-N i )  
\B. j; 
From numerical experimentation, Kammler found that the 
formula gave good results for a wide variety of stripline 
problems. 
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In his succeeding work, Chestnut [6] used this same 
extrapolation formula to very good advantage, although he 
found it difficult to explicitly show that his error was 
of the type shown in Equation (B.l). 
In the work described in this thesis, the experience of 
Kammler and Chestnut was applied. No attempt was made to 
determine whether or not the errors involved fitted 
Equation (B.l). Instead, calculations were made for test 
cases in which exact solutions were known. Excellent 
extrapolation results were obtained. 
The purpose of the extrapolation formula is to elimi­
nate errors of the type in Equation (B.l), assuming they 
are dominant. This implies that 
o = Ati^^ + (B.3) 
or that 
0 = e, [-^ + -^ + + ^  + -^] (B.4) 
Ng N3 N2 N3 
A, B, and D are constants. Since these expressions must hold 
for any 3^ and Gg' 
^ + -Ar + -Ar = -Ar + -Ar + = 0 (B.5) 2 2 2 1 Q 3 
Nl Ng N3 0^3 NgS N3 
It is then possible to write the equation 
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N,-N,  Ng-N^ 
= 0 
for which one solution is 
A = (B.6) 
and 
B = -Ng^/tNg-Ng) (B.7) 
Solving for D, 
(N,-Np)N.^ 
° " (Ni-Nj) (N2-N3) 
From Equation (B.3), 
N,^ (N,-N.)N,^ 
nNU + T^Ai^ir-wTr-i^ n,, =0 (B.9) 
N1-N3 "Nj_ N2-N3 ' 2 (N^-Ng) {N2-N3) 'N3 
or 
(N2-N3) nj^^-N2^ (Ni-N3) (N^-Ng) n%^=0 (B.IO) 
Using the definition of rij^ in Equation (B.l), then Equation 
(B.IO) reduces to the extrapolation formula, (B-2). 
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XI. APPENDIX C: DERIVATION OF GREEN'S FUNCTION 
The use of the Green's function is a classical technique 
for determining the solutions of nonhomogeneous differential 
equations. The Green's function itself is the solution to 
a given differential equation together with specified 
boundary conditions. The source function must be a source 
of unit strength and localized at a point in space [12]. 
The differential equation of interest in Poisson's 
equation, 
V^(J){x,y,z) = - ^  p(x,y,z) (C.l) 
The Green's function G(x,y,z; x',y'fZ') satisfies the 
equation 
V^G = -6(x-x')Ô(y-y')6(z-z') (C.2) 
where 
G=0 for (x,y,z) on E (see Figure 2) 
Green's second identity, sometimes referred to as Green's 
Theorem 
I (OV^G-GV^Oidx'dy'dz' = ^ - G |^)dS' (C.3) 
V 
must be satisfied by the Green's function and the potential, 
(p. The volume of integration, V, is the volume inclosed 
by surface S which includes the region of interest. The 
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normal n points outward from S. It is possible to apply 
Equations (C-l) and (C.2) to (C.3) and to reduce Equation 
(C.3) to the following: 
(p (x,y,z) = i r j G(x,y,z;x',y',z')p(x',y',z')dV' 
V 
(C.4) 
The three terms contributing to (|)(x,y,z) are the volume 
charge density p(x',y",z'), a surface charge distribution 
(-£ •^), and a surface distribution of electric dipoles of dn 
dipole moment per unit area [12]. The Green's function 
G(x,y,z;x',y',z') is akin to the electric potential at 
point (x,y,z) due to a charge of 1 coulomb that exists at the 
point (x',y',z*). 
For the problem represented by Figure 1, the only 
source available is a surface charge distribution (-e |^) 
on the surfaces (the strip conductor surfaces). Coupled 
with the fact that the z-dependence is constant and may be 
suppressed, the expression for potential reduces to 
0(x,y) = () G(x,y;x',y') (C.5) 
S^'s 
This equation is identical to Equation (11) in Chapter II. 
The Green's function itself may be determined from 
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V^G(x,y;x',y') = -6(x-x')6(y-y') . (C.6) 
G=0 at y=+l and as |x| -4-00 
It is possible to solve this equation in the two regions 
x<x' and x>x'. Separation of variables yields solutions 
of the type 
G = X(x) y (y) 
where 
X(x) = C^e^x + Cge"^* 
and 
Y(y) = C3 cos ay + sin ay 
The boundary conditions at y= +1 allow to be set to 
zero if a = ^  nir, where n = 1,3,5,.... The boundary condi­
tions at X = w also require that terms be set to zero. 
This results in the following expressions; 
rnrx 
+ 2 
2 '  
_nnx 
/ - V- ^ 2 
G " (x,y;x',y') =C~^^ cos ^ y for x<x' 
C (x,y;x',y') = C'^'e cos ^ y for x>x' 
These solutions must match as if a unit line charge existed 
_ + 
at (x',y'). Hence at y^y' and x=x', G^ = G^ . 
mrx' niTx' 
C e ^ cos ^ y = e ^ cos ^ y 
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nïïx' 
- 2 C = Cn e 
" * . . . . . - r "  
n 
Therefore, 
niT (x-x' ) 
Gn = C„e ^ cos 
and 
Along the line y=y*, the proper discontinuity must be ob­
served in the gradient of G at x = x*. The gradient of G 
is equal to electric flux density, D. The discontinuity in 
the component of D along the y = y* axis must be equal to 
the equivalent "surface charge distribution" at x = x*, 
namely G(y-y'). 
ac'"' . 3G" 
3x x=x ' 
= S(y-y') 
To satisfy this requirement, it is necessary to sum an 
infinite number of the terms, G^. 
-§^(x-x') 




+ Z C e 2 cos y' 






This may be reduced to 
E nir cos ^ y = ô(y-y') 
n 
If one multiplies both sides of this equation by cos ^ y and 
integrates both sides from y = -1 to y = +1, then 
<=n =5Î ? y' 
and the Green's function is given by 
1 niT niT G(x,y;x',y') = Z — e cos -g-y cos -y-y' (C.7) 
where 
n — ly3/5/**** 
It should be noted that this is not truly the Green's 
function. If the proper pole in the function occurs at 
(x',y'), it also must occur at (x',-y'). Equation (C.7) 
does not satisfy Equation (C.6)- This is a property due to 
the choice of coordinates and the cosinusoidal half range 
Fourier expansion used. It is necessary to refine 
Equation (C.7) to further obtain a correct Green's function, 
such as Equation (20) in Chapter III. 
Equation (c.7) may be written in closed form if the 
identity 
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ln(-^) = -2 S for |z|<l 
Then 
-S^4x-X'| iS2y, -jSïy, 
^ ^ n ® [e +e 1 [e ^ +e ] 
1 1 -S^lx-x'l iS2^y_y.) iS^^y-y') 
= A ^ 5 ^  
n 
-j^(y-y') -j^(y+y'), 
+ e ^ +e J 
-J|x-x'j j5(y+y') 
G = -iL {In 1 s e 
-||x-x'| j|-(y+y') 
1+e e 
^ 1-e ^ 
-iix-x'l j5(y-y') o I I Jo 
1+e e 
-jlx-x'l -jj(y-y') 




+ — } 
-jlx-x'I -j2(y+y') 
l+e ^ e 
86 
TT -nix-x' 




l+2e ^ cos j(y+y')+e * 
l-2e 2 cosZ.(y-y')+e-"|x-x'l 
+ in ? } 
l+2e ^ cos §(y-y')+e-*|x-x'l 
, cosh ^ (x-x')-cos î(y-y*) 
G = - ^  {In ^ 
cosh j(x-x')+cos ^ (y+y') 
cosh $ (x-x')-cos ^ (y+y') 
+ In ; } (C.8) 
cosh ^  {x-x')+cos ^  (y-y*) 
The first term represents the proper singularity at 
x=x' and y=y'. The singularity of the second term repre­
sents a unit line charge at x=x*, y=-y' and must be dis­
carded. This leaves as the Green's function, the 
expression 
, cosh y (x-x')-cos ?(y-y') 
G(x,y;x' ,y') = " Xjj: ln[ — ; 1 (C.9) 
cosh ^  (x-x')+cos gfy+y') 
This satisfies Equation (C.2) and is applicable to the 
problem of interest in Equation (C.5). 
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XII. APPENDIX D: COMPUTER PROGRAM LISTINGS 
All computer programs listed here were written to 
conform to IBM FORTRAN IV, level G language rules. Most 
statements also conform to WATFIV. All programs and sub­
routines were written in double precision arithmetic. The 
programs should be self-explanatory with regards to the 
input data formatting, etc. Some exceptions will be noted 
here. 
Zero-thickness coupled stripline design program SYNW, 
about which little has been said in the body of this thesis, 
requires a few comments. Two tolerances are used in deter­
mining cessation of the iterative process. TOLl is a 
tolerance placed on the even mode capacitance value and 
T0L2 is a tolerance placed on the ratios W/B and W^/B. 
-5 -4 Suggested values of TOL1=10 and TOL2=10 may be used 
until user experience is obtained. The integer variable KEY 
in the printed output of SYNW provides a key to tracing the 
operations that the program is performing. When KEY is 
equal to an odd integer, the program is iterating on values 
of W^/B. When KEY is equal to an even integer, the program 
is iterating on values of the ratio W/B. The iteration 
function requires three initial values of W/B and W^/B with 
which to commence iteration. A subroutine has been provided 
(SHELTN) to implement Shelton's equations to provide initial 
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values. They may also be supplied manually. If this is 
done, it is suggested that the best value of W/B be 
supplied as the first of the three initial values. 
In both of the zero-thickness programs listed (GAUSS 
and SYNW), the ratio S/B may be inputted in either of two 
ways. If the variable S read in from data cards is a decimal 
fraction less than one, then this is the value of S/B that 
is used in the program. If the value of S read in is greater 
than one, then the program inverts it to find the true 
value of S/B. If the structure has an S/B ratio that is a 
proper fraction, for example S/B = 1/3, then the program 
user may input 3.0 as variable S and the ratio used the cal­
culation will be 0.3333. 
The limiting case of S/B = 0 and W = cannot be 
handled by either GAUSS or SYNW without some internal modifi­
cations. These changes occur on cards GAUS0202, GAUS2260, 
SYNW2730, and SYNW2960. Program GAUSS concerns itself with 
even and odd modes for which there is no distinction in the 
case of the single strip. 
Programs GAUSS and SYNW are both discussed in slightly 
more detail elsewhere [24]. 
The different programs and subroutines are listed 

















c G A S T O O l O  
C  G A S T 0 0  2 0  
C  G A S T 0 0 3 0  
C  M A I  h  F A C G F A P  G A S T  G A S T 0 0 4 0  
C  G A S T 0 0 5 0  
C  P U R P O S E  G A S T 0 0 6 0  
C  A N A L Y S I S  O F  P R C P E R T I E S  C F  C V E R L A P P E C ,  O F F S E T ,  C O U P L E D  S T R I P - G A S T 0 0 7 0  
C  L I N E  T R A N S M I S S I O N  L I N E  C O N S I D E R I N G  C O N D U C T O R S  O F  R E A L  P H Y S I C A L  G A S T O O S O  
C  T H I C K N E S S E S .  G I V E N  A S  I N P U T  T H E  P H Y S I C A L  D I M E N S I O N S  O F  T H E  G A S T 0 0 9 0  
C  T R A N S M I S S I O N  L I N E ,  T H I S  P R O G R A M  C A L C U L A T E S  T H E  E L E C T R O M A G N E T I C  C A S T O l O O  
C  P R O P E R T I E S  O F  E V E N  6  O D D  M O D E  C A P A C I T A N C E  ( N O R M A L I Z E D  T O  P E R -  G A S T O l l O  
C  M I T T I V I T Y )  A N C  C O U P L I N G  C O E F F I C I E N T .  G A S T 0 1 2 0  
C  G A S T 0 1  3 0  
C  M E T H O D  G A S T 0 1 4 0  
C  S T R A I G H T  A P P L I C A T I G N  C F  T H E  E A S I C  " C H E S T N U T "  T E C H N I Q U E  F O R  G A S T 0 1 5 0  
C  C O N D U C T O R S  k I T H  F C U R  S I D E S .  G A S T 0 1 6 0  
C  G A S T 0 1 7 0  
C  L I S T  O F  S I G N I F I C A N T  V A R I A B L E  N A N E S  G A S T 0 1 8 0  
C  C I  l L O W , C I 2 L O W , C I  l U P R . E T C .  L I M I T  T E R M S  C O R R E S P O N D I N G  T O  G A S T 0 1 9 0  
C  S P E C I F I C  S U R F A C E S  O F  C O N D U C T O R  I  G A S T 0 2 0 0  
C  C O U P L  C O U P L I N G  C O E F F I C I E N T ,  K  G A S T 0 2 1 0  
C  E X C A P E  E X T R A P O L A T E D  E V E N  M O D E  C A P A C I T A N C E  ( N O R M A L I Z E D )  G A S T 0 2 2 0  
C  E X C A P O  E X T R A P O L A T E D  C O C  M O D E  C A P A C I T A N C E  ( N O R M A L I Z E D )  G A S T 0 2 3 0  
C  N U M D A T  N U M B E R  O F  D A T A  P A I R S  O F  H C  &  t e  P R O V I D E D  G A S T 0 2 4 0  
C  T X  S E T  C F  D I S C R E T E  P O I N T S  O N  C O N D U C T O R  F O R  G A U S S I A N  G A S T 0 2 5 0  
C  Q U A D R A T U R E .  F C R  U P P E R  &  L O W E R  S U R F A C E S .  G A S T 0 2 6 0  
C  T Y  P O I N T S  O N  L E F T  A N D  R I G H T - H A N D  S U R F A C E S  G A S T 0 2 7 0  
C  & E I G H X / W E I G H Y  S E T  C F  G A U S S I A N  W E I G H T S  G A S T 0 2 8 0  
C  O B  C O U P L I N G  I N  D E C I B E L S  G A S T 0 2 9 0  
C  T H I C K  S T R I P  C O N D U C T O R  T H I C K N E S S  G A S T 0 3 0 0  
C  t o . W C . S  S T R I P L I N E  P A F A M E T E P S  G A S T 0 3 1 0  
C  F O R  O T H E R  V A R I A B L E S  C O N S U L T  P R O G R A M S  S Y N *  A N D  G A U S S  G A S T 0 3 2 0  
C  G A S T 0 3 3 0  
C  I N P U T  D A T A  FORMAT G A S T 0 3 4 0  

















C A R D  2  :  C C L S  1 - 2 3  S  .  C C i - S  2 4 - 4 6  T H I C K  F O R M A T S  D 2 3 . 1 6  
C A R D  3 :  C C L S  1 - 2  N U M D A T  F O R M A T  12 
C A R D S  4 . 5 . 6 , . . .  R E P E A T  C A R C S  1 , 2 , 1 , 2 . . . . .  
S U B R O U T I N E S  R E Q U I R E D  
U G E L G  
I M P L I C I T  R E A L * 8  ( A - F , C - Z )  
D I M E N S I O N  T X ( 1 2 ) , T Y ( 1 2  ) , W E I G h X (  1 2  )  . G ( 4 S ) , B E ( 4 8 , 4 5 )  , N N ( 3 )  , C E ( 3 )  ,  
S C 0 ( 3 ) , X { 3 , € ) , t » E I G H N ( 3»e ) , W E I G H Y ( l 2 ) , E 0 ( 4  8 , 4 8 )  
D O U B L E  P R E C I S I O N  K  1 1  A , K  I  1 B , K  1  2 A , K  1  2 B , K  1 3 A , K 1 3 8 , K 1 4 A , K 1 4 B . K 2 1  A ,  
* K 2 1 B , K 2 2 A . K 2 2 8 . K 2 3 A , K 2 3 8,K24A,K24e , K 3 1 A , K 3 1 B,K32A , K 3 2 B ,K3 3 A , K 3 3 B ,  
* K 3 4 A , K 3 4 B , K 4 1 A , K 4 1 B , K 4 2 A , K 4 2 B , K 4 3 A . K 4 3 B . K 4 4 A , K 4 4 e  
I N I T I A L I Z A T I O N  
PI=3.14159265 3589 793 
S Q R T 2 = D S Q R T ( 2 . 0 D + C C )  
C  I C 0 N S = S Q R T 2 * S Q R T 2 * S Q R T 2 / P I  
F I 4 = - 0 . 2 5 / F I  
PI2=PI/2.0 
N U  M =  1  
R E A D  I N  I N P U T  D A T A .  
R E A D  ( 5 , 4 0 0 0 )  W ,  W C  ,  S  ,  T U C K  ,  N U M D A T  
4 0 0 0  F O R M A T  ( 2 D 2 3 . 1 6 / 2 D 2 3 . 1 6 / 1 2 )  
W R I T E  ( 6 , 4 C 0 1 )  % . * C , E . T H I C K  
4  0 0  1  F O R M A T  (  •  1  *  ,  5 X  ,  •  •  ,  0 2  3  .  1 6  ,  5 X  ,  •  W C =  •  ,  D 2  c .  1 6 / 5 X ,  ' S = '  , D 2 3 . 1 6 , 5 X ,  
$ " T H I C K N E S S - ' , D 2 3 . 1 6 )  
S I G M A = S  
S = 2 . 0 * S  
G A S T 0 3 6 0  
G A S T 0 3 7 0  
G A S T 0 3 8 0  
G A S T 0 3 9 0  
& A S T 0 4 0 0  
O A S T 0 4 1 0  
G A S T 0 4 2 0  
G A S T 0 4 3 0  
G A S T 0 4 4 0  
G A S T 0 4 5 0  
G A S T 0 4 6 0  
G A S T 0 4 7 0  
G A S T 0 4 8 0  
C A S T 0 4 9 0  
G A S T 0 5 0 0  
G A S T 0 5 1 0  
G A S T 0 5 2 0  
G A S T 0 5 3 0  
G A S T 0 5 4 0  
G A S T 0 5 5 0  
G A S T 0 5 6 0  
G A  S T  0 5 7 0  
G A S T 0 5 8 0  
G A S T 0 5 9 0  
G A S T 0 6 0 0  
G A S T 0 6  1 0  
G A S T 0 6 2 0  
G A S T 0 6 3 0  
G A S T 0 6 4 0  
G A S T O e S O  
G A S T 0 6 6 0  
G A S T 0 6 7 0  
G A S T 0 6 8 0  
G A S T 0 6 9 0  













W C = 2 . 0 * * C  
a M A T H K = T H I C K  
T h I C K = T H I C K + T I - I C K  
4 6  B S T R I P = 0 . 5 * * C  
A S T R I P - - l f t + B S 7 R I P  
B M A = 0 . 5 * ( E S T R I P - A S T R I P )  
a P A - 0 . 5 * ( B S T R I F + A 5 T A I F )  
B P A T H K = 0 . 5 * ( S + T H I C K )  
G A U S S I A N  O L A D R A T U R E  N C R N A L I Z E D  A B S C I S S A S  A N D  W E I G H T S ,  N = 4  
NN(1)=4 
X (  1 ,  1 )  =  . 3 3 9 9  6 1 0 4 3 £ £ 4 8 5 6  
X ( 1 , 2 ) = . 8 6 1 1 3 6 3 1 1 E S 4 C 5 3  
K n E I G H N C l  , 1  )  =  . 6 5 2 1 4 5 1 5 4 8 6 2 5 4 6  
W E I G H N {  1 , 2 ) = . 3 4 7 8 5 4 8 4 5 1 3 7 4 5 4  
G A U S S I A N  Q U A D R A T U R E  N O R M A L I Z E D  A B S C I S S A S  A N D  W E I G H T S ,  N = 8  
KN(2)=8 
X ( 2 . 1 ) = . 1 8  3 4 3 4 6  4 2  4 Ç 5 6  5 0  
X ( 2 , 2 ) = . 5 2 5 5 3 2 4 C 9 9  1 6 3 2 9  
X ( 2  , 3 ) = . 7  9 6 6 6 6 4  7 7 4 1 3 6 2  7  
X ( 2 , 4 ) = . 9 6 0 2  6 9 6 £ 6 4 9 7 5 3 6  
* E I G H N ( 2 , 1  ) =  . 3 6 2 6 8 3 7 8 3 3 7 8 3 6 2  
* E I G H N ( 2 , 2 ) = . 3 1 3 7  0 6 6 4 5 8 7 7 8 8 7  
W E I G H N ( 2 , 3 ) = . 2 £ 2 3 8 1 0  3 4 4 5 3 3 7 4  
W E I G H N ( 2 , 4 ) = . 1 0 1 2 2 8 5 3 6 2 9 0 3 7 6  
G A U S S I A N  Q U A D R A T U R E  N O R M A L I Z E D  A B S C I S S A S  A N D  V n E I G H T S ,  N = 1 2  
N N { 3 ) =  1 2  
X ( 3 ,  1  ) = . 1 2 5 2 3 3 4 0  8 5 1 1 4 6 9  
X ( 3 , 2 > = . 3 6 7  8 3 1 4 9 6 9 9 8 1 8 0  
G A S T 0 7 1 0  
G A S T 0 7 2 0  
G A S T 0 7 3 0  
G A S T 0 7 4 0  
G A S T 0 7 5 0  
G A S T 0 7 6 0  
G A S T 0 7 7 0  
G A  S T 0 7 3 0  
G A S T 0 7 9 0  
G A S T 0 8 0 0  
G A S T 0 8  1 0  
G A S T 0 8 2 0  
G A S T 0 8 3 0  
C A S T  0 8 4 0  
G A S T 0 8 5 0  
G A S T 0 8 6 0  
G A S T 0 8 7 0  
G A S T 0 8 8 0  
G A S T 0 8 9 0  
G A S T 0 9 0 0  
G A S T 0 9 1 0  
G A S T 0 9 2 0  
G A S T 0 9 3 0  
G A S T 0 9 4 0  
G A S T 0 9 5 0  
G A S T 0 9 6 0  
G A S T 0 9 7 0  
G A S T 0 9 8 0  
G A S T 0 9 9 0  
G A S T  1 0  0 0  
G A S T l O l O  
G A S T 1 0 2 0  
G A S T 1 0 3 0  
G A S T 1 0 4 0  
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V u o u u V u u O f- 1— U U u U V U U u u 
o -4 «M o «H 




D O  2 1 1  J = 1  , N  
T X J = T X ( J )  
T Y J  =  T Y <  J  )  
t o E G H J X = h E I G H X ( J )  
W £ G H J Y = W E I G H Y ( J )  
C a S H M N = O C C S H ( F I 2 * ( T X I - T X J )  )  
C O S H P L = O C O £ H ( P I 2 * ( 7 X I + T X J ) )  
C 0 S H A 3 = C C G S H ( P I 2 * ( A S T f i I P - T X J ) )  
COSHA4=DC0SH(PI2+(ASTRIP+TXJ)) 
C O S H B 3 = D C O S H ( P I 2 * ( B S l R I P - T X J ) )  
C C S H E 4 = C C C S H ( F I 2 * ( E S T P I F + T X J ) )  
C 0 T Y Y M = 0 C C£C P I 2 * ( T Y I - T Y J ) )  
C C T Y Y P - D C O S < P I 2 * C T y i + T y j } )  
C C S S G N = D C G S ( P I 2 « ( S I G N A - T Y J ) )  
C O S S G P = D C O S C P I 2 « { S I G V A + T V J > )  
C C T T Y N = C C O S ( P I 2 « ( S  I G M A + T  I - I C K - T  Y  J  )  )  
C O T T Y P = C C O S ( P I 2 « ( S I G V A + T H I C K + T Y J ) )  
IF ÎI-J} 2C0,175,2C0 
C O M P U T E  D I A G O N A L  T E R M S  C F  B E  A N C  E O  M A T R I C E S  
1 7 5  C I l L O m = D L O G ( C I C C N S + C S C F T f l . 0 + C C S S P I ) ) / ( 2 . 0 4 P I )  
C I 2 L 0 W = P I 4 * D L O G ( ( C G S H P L - C C S S P I ) / ( C C S H P L + 1 . 0 ) )  
C H U P R = C L O G (  C I C O N S * O S Q R T  (  1  . O  +  C O S P I T )  ) / ( 2 . 0 * P I )  
C I  2 U P R = P I 4 * O L O G (  {  C O S  J - P L - C C S P  I  T  )  /  <  C C S  H P L + I  . 0  )  )  
C !  l L £ F = D L O G { C I C O N S * D £ Q R T { 1 , 0 + C C S P I Y ) ) / ( 2 . 0 * P I )  
C I 2 L E F = P  I 4 * D L C C (  (  C C S  1 - 2  A - C C T Y Y P  ) /  ( C 0 S H 2 A +  1 . 0 ) )  
C I I R I T = C I I L c F  
C I 2 R 1 T = P  I 4 * D L G G (  ( C O S H 2 6 - C O T Y Y P ) / ( C O S H 2 E + I . 0 ) )  
E I X = - * + ( T X I - A S T R I P ) » C L C G ( T X I - A S T R I F ) + ( E S T R I P - T X I ) * D L 0 G ( B S T R I P  
E I Y = - T H I C K+C T Y I - S I G M A ) * O L C G ( T Y I - S I G M A ) + ( S  I G M A + T H I C K - T Y I ) *  
* D L O G ( S f C M A + T F I C K - T Y I )  
S U M X T = C . 0  
S U M Y T = C . O  
G A S T 1 7 6 0  
G A S T 1 7 7 0  
G A S T 1 7 8 0  
G A S T 1 7 9 0  
G A S T 1 8 0 0  
G A S T  1 8 1 0  
G A S T 1 8 2 0  
G A  S T l 8 3 0  
G A S T  1 8  4 0  
G A S T 1 8 5 0  
G A S T 1 8 6 0  
G A S T 1 8 7 0  
G A S T 1 8 8 0  
G A  S T  1 8 9 0  
G A S T 1 9 0 0  
G A S T 1 9 1 0  
G A S T  1 9  2 0  
G A S T  1 9 3 0  
G A S T 1 9 4 0  
G A S T 1 9 5 0  
G A S T 1 9 6 0  
G A S T  1 9 7 0  
G A S T 1 9 8 0  
G A S T 1 9 9 0  
G A S T  2 0 0 0  
G A S T 2 0  1 0  
G A S T 2 0 2 0  
G A S T  2 0  3 0  
G A S T 2 0 4 0  
T X I ) G A S T 2 0 5 0  
G A S T 2 0 6 0  
G A S T 2 0 7 0  
G A S T 2 0 8 0  
G A S T 2 0 9 0  




1 7 9  
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B E G I N  C O M P U T A T I O N  O F  I N N E R  S L . V  h i  T H I N  M A T R I X  D I A G O N A L  T E R M S  
D O  1  8 5  K = 1  , N  
I F  C  I - K )  1 8 0 »  1 7 9 .  1 8 0  
G O  T O  1 8 5  
S U M X = h E I G H X <  K ) * D L C G < D A e S ( T X I  
S U M Y = W E I G H Y ( K ) * D L O G ( C A B S ( T Y I  
S U M X T = S L l N » X T  +  S U N X  
S U M Y T = S U M Y T + S U M Y  
C O N T I N U E  
- T X <  K )  ) )  
- T Y ( K ) ) )  
E I X T O T = 0 . 5 » S U M  
B E (  I  ,  I  ) - U i E  I G F X  
8 0 ( 1 , 1 ) = k E I G H X  
8 E (  I + N ,  I + N  ) =  
B C ( I + N , I + N ) = W E  
E I Y T O T = 0 . 5 * S U M  
B E ( I + N 2 2 , I + N 2 2  
B O ( I + N 2 2 . I + N 2 2  
B E ( I + 3 * N . I + 3 * N  
E 0 ( I + 3 * N , I + 3 * N  
G O  T O  2 C 5  
X T / P I-eiX*0«5/ P I  
( I ) * ( C I 1 L C * + C I Z L C W ) + E I X T C T  
{ I ) * ( C I 1 L C * - C I 2 L C W ) + E I X T C T  
W E  I G H X d  ) * ( C I  l U P R + C I  2 U P R  )  +  E I  X T O T  
I G H X  (  I  > »  ( C H U F F - C I 2 U P R  ) + E I X T O T  
Y T / P I - E I Y * C . S / P I  
) =  W E I G h Y  (  I  | = » ( C I  I L E F + C I  2 1 . E F  ) + E  I  Y T O T  
)  =  W E  I G h Y ( I  ) * ( C I 1 L E F - C I 2 L E F ) + E I Y T 0 T  
) =  W E  I G H Y ( I ) * ( C I  I P I T + C I 2 R I T >  +  E I Y T Q T  




C C M F U T E  G R E E N ' S  F U N C T I C N  F C F  U S E  I N  O F F - D I A G O N A L  T E R M S  
F I E L D  P O I N T  A N C  S O U R C E  F C I N T  C N  L O W E F  S U R F A C E  
2 0  0  K 1 1 A = C L C C (  ( C O S h M N - 1  . 0  ) / ( C C S H N N + C C S S P I  )  )  
K 1  l B = O L O G (  ( C O S H P L - C O S S F I ) / ( C O S H P L + 1 . 0 )  >  
B E {  I .  J  ) = W E C H J X * ( K  1  l A + K  1 1 B ) * P I 4  
B O d  « J ) = W E G H J X * ( K 1 1 A - K 1 1 E ) * P I 4  
F I E L D  P O I N T  O N  U P P E R  S U R F A C E .  S O U R C E  P O I N T  O N  U P P E R  S U R F A C E  
G A S T 2 1 1 0  
G A S T 2 1 2 0  
G A S T 2 1 3 0  
G A S T 2 1 4 0  
G A S T 2 1  5 0  
G A S T 2 1 6 0  
G A S T 2 1 7 0  
G A S T 2 1  S O  
G A S T 2 1 9 0  
G A S T 2 2 0 0  
G A S T 2 2 1 0  
G A S T 2 2 2 0  
G A S T 2 2 3 0  
G A S T 2 2 4 0  
G A S T 2 2 5 0  
G A S T 2 2 6 0  
G A S T 2 2 7 0  
G A S T 2 2 8 0  
G A S T 2 2 9 0  
G A S T 2 3 0 0  
G A S T  2 3 1 0  
G A S T 2 3 2 0  
G A S T 2 3 3 0  
G A S T 2 3 4 0  
G A S T 2 3 5 0  
G A S T 2 3 6 0  
G A S T 2 3 7 0  
G A S T 2 3 8 0  
G A S T 2 3 9 0  
G A S T 2 4 0 0  
G A S T 2 4 1 0  
G A S T 2 4 2 0  
G A S T 2 4 3 0  
G A S T 2 4 4 0  


















K 2 2 A = C L C G (  ( C O S H M N - 1  « 0  ) • ( C O S h M N + C O S P I T )  )  
K 2 2 B = D L C G (  ( C C S H F L - C C S F I T  ) / ( C O S h P L + 1  . 0  )  )  
B E (  I + N .  J + N ) =  I l i E G H  J X *  ( K 2 2 A + K 2 2 B  ) # P I  4  
B C (  I  +  N .  J  + N  ) = W E G f - J X * (  K 2  2 A - K 2  2 B  >  t P  1 4  
F I E L D  P O I N T  O N  L E F T  S U R F A C E ,  S O U R C E  P O I N T  C N  L E F T  S U R F A C E  
K 3  3 A = O L O G ( ( I . G - C C T Y Y P ) / ( I . O + C C I Y Y P ) )  
K 3 3 B = D L C G ( ( C a S H 2 A - C Q T Y Y P ) / < C O S H 2 A + C 0 T Y V M ) )  
B E ( I  +  N 2 2 , J  +  N 2 2 ) =  W E G H J Y * ( K 3 3 A 4 K 3 3 E  ) * P I 4  
B 0 ( I + N 2 2 , J + N 2 2 ) = k E G H J Y * < K 3 2 A - K 3 3 8 ) * P I 4  
F I E L D  P O I N T  O N  R I G H T  S U R F A C E ,  S O U R C E  P O I N T  O N  R I G H T  S U R F A C E  
K 4 4 A = K 3 3 A  
K 4 4 B = O L O G ( ( C O SH2B - C 0 T Y V P ) • ( C C SH2e+ C 0 T Y Y M > )  
B E {  I + 3 * N , J + 3 * N  ) =  W E G H J Y * ( K  4  4 A  +  K 4 4 B ) * P I 4  
B 0 ( I + 3 * N , J + 3 * N ) = W £ G H J Y * ( K 4 4 A - K 4 4 B ) * P 1 4  
F I E L D  P O I N T  O N  L O W E R  S U R F A C E ,  S O U R C E  P O I N T  O N  U P P E R  S U R F A C E  
2 0 5  t < 1 2 A = D L O G (  ( C O S H M N - C O S T H K  ) / ( C G S H W N + C C S S T )  )  
K 1 2 B = C L C G ( ( C C S H P L - C C S S T ) / < C C S H F L + C G S T H K ) )  
B E ( I , J + N ) =  t t E G H J X * ( K I 2 A + K I 2 B ) * F I 4  
B C ( I , J + N  ) = W E G H J X * ( K 1 £ A - K  1 2 B ) * P 1 4  
F I E L D  P O I N T  O N  L O W E R  S U R F A C E ,  S O U R C E  P O I N T  C N  L E F T  S U R F A C E  
K 1 3 A = D L O G ( ( C O S H A l - C C S S G M ) / ( C C S H A 1 + C O S S G P ) )  
K  1 3 B = O L O G (  ( C O S H A 2 - C O S S G P ) / ( C O S H A  2 + C O S S G M ) )  
B E ( I  ,  J  +  N 2 2  ) -  W E G H J Y * { K I 3 A  +  K 1 3 E ) * P I 4  
B O ( I  * J  +  N 2 2 >  =  W E G H J Y * ( K 1 3 A - K I 3 B J * P I 4  
F I E L D  P C I  N T  C N  L C W E R  S U R F A C E ,  S G U F C E  P O I N T  O N  R I G H T  S U R F A C E  
G A S T 2 4 6 0  
G A S T 2 4  7 0  
G A S T 2 4 8 0  
G A S T 2 4 9 0  
G A S T 2 5 0 0  
G A S T 2 5 1 0  
G A S T 2 5 2 0  
G A S T 2 5 3 0  
G A S T 2 5 4 0  
G A S T 2 5 5 0  
G A S T 2 5 6 0  
G A S T 2 5 7 0  
G A S T 2 5 8 0  
G A S T 2 5 9 0  
G A S T 2 6 0 0  
G A S T 2 6 1 0  
G A S T 2 6 2 0  
G S S T 2 6 3 0  
G A S T 2 6 4 0  
G A S T 2 6 5 0  
G A S T 2 6 6 0  
G A S T 2 6 7 0  
G A S T 2 6  8 0  
G A S T 2 6 9 0  
G A S T 2 7 0 0  
G A S T 2 7 1 0  
G A S T 2 7 2 0  
G A S T 2 7 3 0  
G A S T 2 7 4 0  
G A S T 2 7 5 0  
G A S T 2 T 6 0  
G A S T 2 7 7 0  
G A S T 2 7 8 0  
G A S T 2 7 9 0  

















K 1 4 A = D L C G ( ( C C S H e i - C C S S G M ) / < C G S h B l 4 C C S S G P ) )  
K 1 4 B = D L O G ( t C 0 S H B 2 - C C S S G P )/<CCShe2+ C 0 S S C M ) )  
B E (  I  ,  J + 3 + N  ) =  W E G I - J V *  ( K  1 4 A + K 1 4 B ) * P I 4  
B G ( I , J + 3 * N ) = W E G H J Y * ( K 1 4 A - K 1 4 E ) * P I 4  
F I E L D  P O I N T  C N  U P P E R  S U R F A C E .  S O U R C E  P O I N T  C N  L O W E R  S U R F A C E  
K 2 1 A = K 1 2 A  
K 2 1 B = K 1 2 E  
B E ( I + N , J ) = k E G H J X * ( K 2 1 A + K 2 1 6 ) * F I 4  
B O  C  I  + N  ,  J  ) =  W E  G h  J X  = »  (  K  2  1 A - K  2  1  B  )  * P  I  4  
F I E L D  P O I N T  O N  U P P E R  S U R F A C E »  S O U R C E  P O I N T  C N  L E F T  S U R F A C E  
K 2 3 A = C L O G ( ( C O S H A l - C G T T Y M ) / ( C C S H A 1 + C O T T Y P ) )  
K 2 3 8 = D L 0 G ( ( C O £ H A 2 - C a T T Y P ) • ( C C S H A 2 + C O T T Y M J )  
B E ( I + N  ,  J  +  N 2 2 ) =  W E G F J Y * ( K 2 3 A + K 2 2 8 ) * P I 4  
8 0 ( I + N , J + N 2 2 ) = h E G H J Y * ( K 2 3 A - K 2 3 E ) * P 1 4  
F I E L D  P C I N T  C N  U P F E F  S U R F A C E .  S O U R C E  P O I N T  O N  R I G H T  S U R F A C E  
K 2 4 A = D L O G (  ( C O S F B l - C O T T Y M  ) / ( C O S h B  1 + C O T T Y P J )  
K 2 4 B = D L O G ( { C 0 S H B 2 - C a T T Y P ) / { C C S h B 2 + C 0 T T Y M ) )  
B E (  I + N ,  J + 3 = » N  ) =  * E G M J Y * ( K 2 4 A  +  K 2 4 B ) * P I  4  
8 0 ( I + N , J + 3 * N  )  =  W E G H J Y * ( K 2 4 A - K 2 4 E ) * P I 4  
F I E L D  P C I N T  O N  L E F T  S U R F A C E .  S O U R C E  P O I N T  O N  L O W E R  S U R F A C E  
K 3  I A = D L O G (  ( C O S H A 3 - C O T Y S M ) / ( C G S H A 3  +  C C T Y S P ) >  
K 3 1 8 = D L C G (  ( C O S H A 4 - C O T Y S P  ) / <  C O S J - A 4 + C O T Y S M  )  )  
B E I I + 2 * N , J ) = h E G H J X 4 ( K 3 1 A + K 3 1 8 ) * P 1 4  
B O { I + 2 * N . J ) = * E G H J X * ( K 3 1 A - K 3 1 B ) * P I 4  
F I E L D  P O I N T  O N  L E F T  S U R F A C E ,  S C U F C E  P C I N T  O N  U P P E R  S U R F A C E  
G A S T 2 8 1 0  
G A S T 2 8 2 0  
G A S T 2 8 3 0  
G A S T 2 8 4 0  
G A S T 2 8  5 0  
G A S T 2 8 6 0  
G A S T 2 8 7 0  
G A S T 2 8 8 0  
G A S T 2 8 9 0  
G A S T 2 9 0 0  
G A S T 2 9 1 0  
G A S T 2 9 2 0  
G A S T 2 9 3 0  
G A S T 2 9 4 0  
G A S T 2 9 5 0  
G A S T 2 9 6 0  
G A S T 2 9 7 0  
G A S T 2 9 8 0  
G A S T 2 9 9 0  
G A S T 3 0 0 0  
G A S T 3 0 1 0  
G A S T 3 0 2 0  
G A S T 3 0  3 0  
G A S T 3 0 4 0  
G A S T 3 0 5 0  
G A S T 3 0 6 0  
G A S T 3 0 7 0  
G A S T 3 0 8 0  
G A S T 3 0 9 0  
G A S T 3 1 0 0  
G A S T 3 1 1 0  
G A S T 3 1 2 0  
G A S T 3 1 3 0  
C A S T 3 1 4 0  















K 3 2 A = D L O G ( ( C O S H A 3 - C O T S G M / ( C C S H A 3 + C C T S € P ) )  
K 3 2 B = D L O G ( ( C G S H A 4 - C O T S G P ) / ( C Q S H A 4 + C O T S G M ) )  
B E ( I  + N 2 2  .  J  +  N ) =  W E G H  J X *  ( K 3  2 / S + K 3 2 E  ) * P I 4  
B 0 ( I + N 2 2 . J + N ) = W E G H J X * ( K 3  2 A - K 3 2 E > * P I 4  
F I E L D  P C I N T  C h  L E F T  S U R F A C E .  S C U R C E  F C I N T  O N  R I G H T  S U R F A C E  
K 3 4 A = D L C G (  ( C G S H l - C O T Y Y M  ) / ( C O S h  1 + C O T Y Y P ) )  
K 3 4 B = 0 L 0 G (  ( C 0 S H 2 - C C T Y Y P ) / < C C S h 2  +  C C T Y Y M  )  )  
B E ( I + N 2 2 , J + 3 * N ) =  t o E G H J Y * ( K 3 4 A + K 3  4 B ) * P I 4  
B 0 ( I + K 2 2  » J + 3 * N  j = W E G H J Y * ( K 3 4 A - K 3 4 E ) * P I 4  
F I E L D  P C I N T  O N  R I G H T  S U R F A C E ,  S O U R C E  P O I N T  O N  L O W E R  S U R F A C E  
K 4 1 A = 0 L 0 G <  < C O £ H B 3 - C O T Y £ f ' )  /  ( C C S H B 3 + C 0 T Y S P )  )  
K 4 1 B = D L 0 G (  ( C 0 S H B 4 - C 0 T Y S P  ) / ( C O S F B 4 + C O T Y S M ) )  
8 E ( I + 3 * N , J ) = k E G H J X * ( K 4 1 A + K 4 1 B ) * F I 4  
B 0 ( I + 3 * N , J  )  =  & E G H J X * ( K 4 1 A - K 4  1 B ) « P I 4  
F I E L D  P O I N T  O N  R I G H T  S U R F A C E  S O U R C E  P C I N T  O N  U P P E R  S U R F A C E  
K 4 2 A = D L C G ( ( C C S H B 3 - C G T S G M ) / ( C G S r B 3 + C 0 T S G P ) )  
K 4 2 B = D L 0 G ( ( C O S H B 4 - C 0 T S G P ) / ( C O S h B A + C O T S G M ) )  
B E ( I + 3 * N . J + N ) =  W E G F J X * ( K 4 2 A + K 4 2 8 ) * P I 4  
B O ( I + 3 * N , J + N ) = H E G H J X * ( K 4 2 A - K 4 2 E ) * F I 4  
F I E L D  P C I N T  O N  R I G H T  S U R F A C E ,  S O U R C E  P O I N T  O N  L E F T  S U R F A C E  
K 4 3 A = K 3 4 A  
K 4 3 B = K 3 4 B  
B E ( I + 3 * N , J + N 2 2 ) =  W E G H J Y * ( K 4 3 A  +  K 4 3 B ) • P I  4  
B O ( I + 3 » N , J  4 N 2 2  ) = W E 6 H J Y * ( K 4  3 A - K 4 3 B ) * P 1 4  
210  
2 1  1  
C O N T I N U E  
C O N T I N U E  
G A S T 3 1 6 0  
G A S T 3 1 7 0  
G A S T 3 1 8 0  
G A S T 3 1 9 0  
G A S T 3 2 0 0  
G A S T 3 2 1 0  
G A S T 3 2 2 0  
G A S T 3 2 3 0  
G A S T 3 2 4 0  
G A S T 3 2 5 0  
G A S T 3 2 6 0  
G A S T 3 2 7 0  
G A S T 3 2 8 0  
G A S T 3 2  9 0  
G A S T 3 3 0 0  
G A S T 3 3 1 0  
G A S T 3 3 2 0  
G A S T 3 3 3 0  
G A S T 3 3 4 0  
G A S T 3 3 5 0  
G A S T 3 3 6 0  
G A S T 3 3 7 0  
G A S T 3 3 8 0  
G A S T 3 3 9 0  
G A S T 3 4 0 0  
G A S T  3 4  1 0  
G A S T 3 4 2 0  
G A S T  3 4  3 0  
G A S T 3 4 4 0  
G A S T 3 4 5 0  
G A S T 3 4 6 0  
G A S T 3 4 7 0  
G A S T  3 4 8 0  
G A S T 3 4 9 0  
G A S T 3 5 0 0  
vo 
V£> 





C A L L  S U E R O L T I N E  U G E L G  T C  S C L V E  M A T R I X  E Q U A T I O N  F O R  C H A R G  
D I S T R I B U T I O N S  O N  C O N D U C T O R  S U R F A C E S ,  E V E N  M O D E  
C A L L  U G E L G ( G , B E , N 4  , 4 8 . 1  «  1  « O E - 0 8  . 1 E R  )  
I F  ( l E R . E G . O )  G O  T O  2 1 2  
* R I T E  ( 6 , 4 0 0 2 )  1 E R  
4 0 0 2  F O R M A T  < •  U G E L G  I E R = ' , I 2 )  
2 1 3  S U M T E = 0 . 0  
S T O T L O = 0 . 0  
S T O T U P  =  C  . 0  
S T C T L F = 0  . 0  
S T O T R T = 0 . 0  
W R I T E  ( 6 , 4 0 1 3 )  
4 0 1 3  F O R M A T ( / / '  E V E N  K C C E  C H A R G E  C  1 S T R I E U T  I G N • )  
W R I T E  ( € , 4 0 1 2 )  
4 0 1 2  F O R M A T  ( 1 4 % . ' L O W E R  S U R F A C E  • ,  1 8 X ,  « U P P E R  





S U N ,  I N  Q U A D R A T U R E ,  T F E  C H A R G E  A T  N  
E A C H  C O N D U C T O R  S U R F A C E .  E V E N  M C D E  
D O  2  1 5  1 = 1  , N 2 2  
I F  ( I - N )  2  1 4 , 2 1 4 , 2  1 6  
2 1 4  S U M L O W = W E I G F X ( I ) * G < î )  
S U M L E F  =  W E I G H Y ( I ) * G (  I + N 2 2  )  
S U M R I T ^ O . O  
S U M U P = 0 . 0  
W R I T E  ( 6 , 4 C 1 1 ) G (  I )  . G C I + N )  , G C I  +  N 2  2 )  , G ( I + 3 * N )  
0 1 1  F O R M A T  ( 4 ( 9 X , D 2 3  , 1 6 ) )  
G ( I ) = 1 . 0  
G (  I + N 2 2 )  =  l . 0  
G O  T O  2 1 7  
2 1 6  S U M U P = W E I G H X ( I - N ) * G ( I )  
G A S T 3 5 1 0  
G A S T 3 5 2 0  
G A S T 3 5  3 0  
G A S T 3 5 4 0  
G A S T 3 5 5 0  
G A S T  3 5 6 0  
G A S T 3 5 7 0  
G A  S T 3 5 8 0  
G A S T 3 5 9 0  
G A S T 3 6 0 0  
G A S T 3 6 1 0  
G A S T 3 6 2 0  
G A S T 3 6 3 0  
G A S T 3 6 4 0  
G A S T 3 6 5 0  
G A S T 3 6 6 0  
G A S T 3 6 7 0  
S U R F A C E ' , 2 0 X ,  ' L E F T  S U R F A C E »  G A S T 3 6 8 0  
GAST3 6 9 0  
G A S T 3 7 0 0  
GAST3710  
G A S T  3 7  2 0  
GAST3730  
G A S T 3 7 4 0  
G A S T 3 7  5 0  
GAST3760  
G A S T 3 7 7 0  
GAST37a0  
G A S T 3 7 9 0  
G A S T  3 8 0 0  
GAST3810  
GAST3820  
G A S T 3 8 3 0  
G A S T 3 8 4 0  
G A S T 3 8 5 0  





S U M R I T  =  W E I  G H Y  (  I - N  )  = » G  {  I + N 2  2  )  
S U K L C W = C . O  
S U M L E F  =  0  . 0  
G (  I )  =  1  . 0  
G {  I + N 2 2 )  =  l  . 0  
2 1  7  S U M T E = £ U M T E  +  S C ; M L C *  +  S U M L P  +  S L i f  L E F + S U M R  I T  
S T C T L C = S T O T L C + S U » ' L C W  
S T O T U P = S T O T t P +  S U V L P  
S T G T L F = S T C T L F + S U M L E F  
S T O T R T = S T C T P T + S U W R I T  
2 1 5  C O N T I N U E  
W R I T E  ( 6 , 4 0 1 4 )  S T O T L O » S T O T U P , S T O T L F , S T C T R T  
4 0 1 4  F O R M A T ( / 5 X , *  S T O T L O  =  '  , 0 2 3 . 1 6 , 5 X , • S T C T U P = «  , 0 2 3 . 1 6 / 5 X . • S T O T L F = •  , 0 2 3  
$ 6 , 5 X , • S T O T R T = • , 0  2 3 . 1 6 )  
C Ê ( M ) = S U W T E  
W R I T E  ( 6 , 4 0 0 3 )  N , S L M T E  
4 0 0 3  F C R M A T  ( 5 X , ' N = * , I 2 , 2 X , * C / E P P = * , 0  2 3 . 1 6 )  
C A L L  S U B R O U T I N E  U G E L G  T C  S C L V E  V A T R I X  E Q U A T I O N  F O R  C H A R G E  
D I S T R I B U T I O N S  O N  C O N D U C T O R  S U R F A C E S ,  O D D  M O D E  
C A L L  U G E L G  ( G  , 8 0 , N 4 , 4 8 , 1 , 1 . C E - 1 0 , I E R )  
I F  ( l E R . E Q . O )  G C  T C  2 2 4  
W R I T E  ( 6 , 4 0 0 2 )  1 E R  
2 2 4  S U M T O = 0 . 0  
W R I T E  ( 6 , 4 0 1 5 )  
4 0 1 5  F O R M A T C / / "  O D D  M O D E  C H A R G E  D I S T R I B U T I O N ' )  
D C  2 2 5  1 = 1 , N 2 2  






S U M ,  I N  G U A D R A T U F E ,  T H E  C H A R G E  A T  N  D I S C R E T E  P O I N T S ,  T ( I )  
E A C H  O F  T H E  C C N D U C T C R  S U R F A C E S .  C D C  M O D E  
S U M L C t e = W E I G H X ( I ) * G ( I )  
S U M L E F = W E I G H Y ( I ) * G ( I + N 2 2 )  
O N  
G A S T 3 8 Ô 0  
G A  S T 3 8 7 0  
G A S T 3 8 8 0  
G A S T 3 8 9 0  
G A S T  3 9 0 0  
G A S T 3 9  1 0  
G A S T 3 9 2 0  
G A S T 3 9 3 0  
G A S T 3 9 4 0  
G A S T  3 9  5 0  
G A S T 3 9 6 0  
G A S T 3 9 7 0  
1 G A S T 3 9 8 C  
G A S T 3 9 9 0  
G A S T 4 0 0 0  
G A S T  4 0  1 0  
G A S T 4 0 2 0  
G A S T 4 0 3 0  
G A S T 4 0 4 0  
G A S T 4 0 5 0  
G A S T  4 0 6 0  
G A S T 4 0  7 0  
G A S T 4 0 8 0  
G A S T 4 0 9 0  
G A S T 4 1 0 0  
G A S T 4 1 1 0  
G A S T 4 1 2 0  
G A S T 4 1 3 0  
G A S T 4 1 4 0  
G A S T 4 1 5 0  
G A S T 4 1 6 0  
G A S T 4 1 T 0  
G A S T 4 1 S 0  
G A  S T 4 1 9 0  
G A S T 4 2 0 0  
M O 
M 
S U M R I T = C . 0  
S U M U P  =  0 «  0  
W R I T E  ( 6 . 4 0 1 1 )  G (  I  ) .  G {  I  +N  )  , G <  I + N 2 2  )  .  G (  I + 2 * N J  
G G  T C  2 2 5  
2 2 3  S U M U P = W t I G H X ( I - N ) # G ( I )  
S U M R I T = W E I G h Y  C  I - N ) * G ( I + N 2 2 )  
S U M L O W = 0 . 0  
S U M L E F = 0  . 0  
2 2 5  S U M T C = S U M T C + S U N L C W + S U N U F + S U M L E F + S U * R I T  
C O ( M ) = S U M T O  
W R I T E  ( 6 . 4 0 0 3 )  N . S L M T O  









E X T R A P O L A T E  T H E  T H R E E  V A L U E S  O F  C A P  
M E T H O D  S U G G E S T E D  B Y  K A V N L E F  I N  C R O E  
D O N E  F O R  B O T H  E V E N  A N D  O D D  P O D E  S E T  
E X C A P E = ( 2 S 6 . 0 * C E ( 1 ) - 4 C S 6 . C * C E ( 2 ) + 6 9 1 2 .  
E X C A P O = ( 2 5 6 « 0 • C D C  1  ) - 4 C S 6 . 0 * C O ( 2 ) + 6 9 1 2 .  
C O U P L = ( E X C A F C - E X C f F E ) / ( E X C 4 F 0 + E X C A F E )  
D B = - I . O D + 0 1 * D L 0 G 1 C ( C C U P L * C C t P L )  
T W = T H I C K / W  
W R I T E  ( 6 . 4 C 0 4 )  E X C A P E  . E X C A F O . C C U F L . D E ,  
4 0 0 4  F O R M A T  ( 5 X , *  E X T R A P O L A T E D  E V E N  C A P A C I T  
S P C L A T E C  C D C  C A P A C I T A N C £ = ' . C 2 3  .  1 6 / 5 X ,  •  
$ . 1 6 / 5 X . »  C O U P L I N G  I N  D B = ' . C 2 3 . 1 6 / 5 X . '  
2 3 4  I F  ( N U M - N U M D A T )  2 3 S . 2 9 C . 2 9 C  
R E A D  N E X T  D A T A  S E T  
2 3 5  R E A D  C 5 , 4 C C 5 )  k . k C . S . T H I C K  
4 0 0 5  F O R M A T  ( 2 D 2 3 . 1 6 / 2 D 2 3 . 1 6 )  
W R I T E  ( 6 . 4 0 0 1 )  W . W C . S . T H I C K  
S I G M A = S  
w=w+w 
G A S T 4 2 1 0  
G A S T 4 2 2 0  
G A S T 4 2 3 0  
G A S T 4 2 4 0  
C A S T 4 2 5 0  
G A S T 4 2 6 0  
G A S T 4 2 7 0  
G A S T 4 2 8 0  
G A S T 4 2 9 0  
G A S T 4 3 0 0  
G A S T 4 3 1 0  
G A S T 4 3 2 0  
G A S T 4 3 3 0  
G A S T 4 3 4 0  
G A S T 4 3 5 0  
G A S T 4 3 6 0  
G A S T 4 3 7 0  
G A S T 4 3 8 0  
G A S T 4 3 9 0  
G A S T 4 4 0 0  
G A S T 4 4 1 0  
G A S T 4 4 2 0  
T W  C A S T 4 4 3 0  
A N C E = ' . D 2 3 . 1 6 / 5 X . '  E X T R A P O L A G A S T 4 4 4 0  
C O U P L I N G  C O E F F I C I E N T , K = » . D 2 3 G A S T 4 4 5 0  
T / l *  =  *  , C 2 3 .  1 6  )  G A S T 4 4 6 0  
G A S T 4 4 7 0  
G A S T 4 4 8 0  
G A S T 4 4 9 0  
G A S T 4 5 0 0  
G A S T 4 5 1 0  
G A S T 4 5 2 0  
G A S T 4 5 3 0  
G A S T 4 5 4 0  
G A S T 4 5 5 0  
A C I T A N C E  A C C O R D I N G  T O  T H E  
A  T O  A C C E L E R A T E  C O N V E R G E N C E  
S  C F  C A P A C I T A N C E .  
C * C E < 3 ) ) / 3 0 7 2 . 0  
C * C O ( 3 ) > / 3 0 7 2 . 0  
W C = * C + b C  
s=s+s 
8 N A T H K = T H I C K  
T H I C K = T H I C K + T H I C K  
N U M = N U M + 1  
G O  T O  4 6  
2 9 0  S T O P  
E N D  
G A S T  4 5 6 0  
G A S T 4 5 7 0  
G A S T 4 5 8 0  
G A S T 4 5 9 0  
G A S T 4 6 0 0  
G A S T 4 6 1 0  
G A S T  4 6  2 0  
G A S T 4 6 3 0  
c G A M 2 0 0  1 0  
C  .  • G A M 2 C 0 2 0  
C  G A M 2 0 0 3 0  
C  M A I N  P R C G R A M  G A M 2  G A M 2 0 0 4 0  
C  G A M 2 0 0 5 0  
C  P U R P O S E  G A M 2 0 0 6 0  
C  A N A L Y S I S  O F  P R O P E R T I E S  O F  O V E R L A P P E D .  O F F S E T ,  C O U P L E D  S T R I P - G A M 2 0 0 7 0  
C  L I N E  T R A N S M I S S I C N  L i h E  C O N S I D E R I N G  C O N D U C T O R S  O F  V E R Y  S M A L L  G A M 2 0 0 8 0  
C  T H I C K N E S S E S .  G I V E N  A S  I N P U T  T H E  P H Y S I C A L  D I M E N S I O N S  O F  T H E  G A M 2 0 0 9 0  
C  T R A N S M I S S I O N  L I N E ,  T H I S  P R O G R A M  C A L C U L A T E S  T H E  E L E C T R O M A G N E T I C  G A M 2 0 1 0 0  
C  P R O P E R T I E S  O F  E V E N  &  C D C  M C D E  C A P A C I T A N C E  ( N O R M A L I Z E D  T O  P E R -  G A M 2 0 1 1 0  
C  M I T T I V I T Y )  A N D  C O U P L I N G  C O E F F I C I E N T .  G A M 2 0 1 2 0  
C  G A M 2 0 1 3 0  
C  M E T H O D  G A M 2 0 1 4 0  
C  M O D I F I C A T I O N  O F  " C H E S T N U T "  T E C H N I Q U E  T H A T  R E L A T E S  C H A R G E  O N  G A M 2 0 1 5 0  
C  T H E  k i C E  S I D E S  C F  T H E  S T R I P  C O N D U C T O R S  T O  T H E  C H A R G E  O N  G A M 2 0 1 6 0  
C  I N F I N I T E L Y  T H I N  C C N D I C T O R S  O F  T H E  S A M E  G E O M E T R Y  G A M 2 0 1 7 0  ^  
C  G A M 2 0 1 8 0  o  
C  L I S T  O F  S I G N I F I C A N T  V A R I A B L E  N A N t S  G A M 2 0 1 9 0  
C  B E T H I N / B O T H I N  B  M A T R I C E S  F O R  I N F I N I T E L Y  T H I N  C A S E  G A M 2 0 2 0 0  
C  B L E , E L C . B F E , E R C  L E F T  &  R I G H T - H A N D  B E / B O  M A T R I C E S  S U B D I -  G A M 2 0 2 1 0  
C  V I S I O N S  ( S E E  T E X T )  G A M 2 0 2 2 0  
C  C I I L C W . C I 2 L O W , C I  l U P R . E T C .  L I M I T  T E R M S  C O R R E S P O N D I N G  T C  G A M 2 0 2 3 0  
C  S P E C I F I C  S U R F A C E S  O F  C O N D U C T O R  1  G A M 2 0 2 4 0  
C  C O W L  C O U P L I N G  C O E F F I C I E N T ,  K  G A M 2 0 2 5 0  
C  E X C A P E  E X T R A P O L A T E D  E V E N  M O D E  C A P A C I T A N C E  ( N O R M A L I Z E D )  G A M 2 0 2 6 0  
C  E X C A P O  E X T R A P O L A T E D  C D D  M O D E  C A P A C I T A N C E  ( N O R M A L I Z E D )  G A M 2 0 2 7 0  
C  D B  C O U P L I N G  I N  D E C I B E L S  G A M 2 0 2 8 0  
C  N U M D A T  N U M B E R  C F  D A T A  P A I R S  O F  V i C  &  W  P R O V I D E D  G A M 2 0 2 9 0  
C  T H I C K  S T R I P  C O N D L C T C R  T H I C K N E S S  G A M 2 0 3 0 C  
C  T X  S E T  O F  D I S C R E T E  P O I N T S  O N  C O N D U C T O R  F O R  G A U S S I A N  G A M 2 0 3 1 0  
C  C U A C K A T U R E .  F C R  U P P E R  &  L O W E R  S U R F A C E S .  G A M 2 0 3 2 0  
C  T Y  P O I N T S  O N  L E F T  A N D  R I G H T - H A N D  S U R F A C E S  G A M 2 0 3 3 0  
C  W E I G H X / W E  I G H Y  S E T  O F  G A U S S I A N  W E I G H T S  G A M 2 0 3 4 0  




















F O R  C T h E R  V A R I A B L E S  C O N S U L T  P R O G R A M S  S Y N h  A N D  G A U S S  
I N P U T  D A T A  F O R M A T  
C A R D  i :  C O L S  1 - 2 3  W  ,  C O L S  2 4 - 4 6  W C  F O R M A T S  D 2 3 . 1 6  
C A R D  2  :  C O L S  1 - 2 3  S  «  C C L S  2 4 - 4 6  T H I C K  F O R M A T S  D 2 3 . 1 6  
C A R D  3 :  C C L S  1 - 2  N U M D A T  F O R M A T  1 2  
C A R D S  4 , 5 , 6 , . . .  R E P E A T  C A R D S  1 , 2 , 1 . 2 , . . . .  
S U B R O U T I N E S  R E Q U I R E D  
U G E L G  




D I M E N S I O N  T X ( 1 2 )  , T  Y (  1 2 Î ,  
* X ( 3 , 6 ) , h E I G H N ( 3 ,  6 )  , * E I G H  
$ G E ( 2 4 ) , C E ( 3 ) , C C C  3 )  , C E T H I  
$ B R 0 ( 2 4 , 2  4 ) , B C ( 2 4  , 4  a ) , 8 C T  
D O U B L E  P R E C I S I O N  K  1 1 A , K 1  
* K 2  1 B , K 2 2 A , K 2  2 B , K  2 3  A , K 2 3 B  
* K 3 4 A , K 3 4 B , K 4 1 A . K  4 1  E . K 4 2 A  
I N I T I A L  I Z A T  l O  N  
P  1  =  3 .  1 4 1 5 9 2 6 5 3 5 6  9 7  9 3  
S Q R T 2  =  C S G R T C 2  . 0 D 4 0  0  )  
C I C 0 N S = S Q R T 2 * S G R T 2 * S C R T 2 / F I  
P I 4 = - 0  . 2 5 / P I  
P I 2 = P I / 2 . 0  
N U M =  1  
R E A D  I K  I N P U T  D A T * .  
R E A D  ( 5 , 4 0 0 0 )  * , W C , S , T h I C K , N U M D A T  
• 0 0 0  F O R M A T  (  2  (  2 D 2 3  . 1  6 / )  ,  1 2  )  
G A M 2 0 3 6 0  
G A M 2 0 3 7 0  
G A M 2 0 3 8 0  
G A M 2  0 3  9 0  
G A M 2 0 4 0 0  
G A M 2 0 4 1 0  
G A M 2 0 4 2 0  
G A M 2 0 4 3 0  
G A M 2 0 4 4 0  
G A M 2 0 4 5 0  
G A M 2 0 4 6 0  
.  G A M 2 0 4 7 0  
G A M 2 0 4 8 0  
G A M 2 0 4 9 0  
G A M 2 0 5 0 0  
G A M 2 0 5 1 0  
G A M 2 0 5 2 0  
G A M 2 0 5 3 0  
G A M 2 0 5 4 0  
G A M 2  0 5 5 0  
G A M 2 0 5 6 0  
G A M 2 0 5 7 0  
G A M 2 0 5 8 0  
G A M 2 0 5 9 0  
G A M 2 0 6 0 0  
G A  M 2 0 6 1 0  
G A M 2 0 6 2 0  
G A M 2 0 6 3 0  
G A M 2 0 6 4 0  
G A M 2 0 6 5 0  
G A M 2 0 6 6 0  
G A M 2 0 6 7 0  
G A M 2 0 6 8 0  
G A M 2  0 6 9 0  
G A M 2 0 7 0 0  
A =  . 4 9 2 5 0 0 C O O O C O O O O O C + 0 0  
W R I T E  ( 6 , 4 0 0 1 )  W » W C » S . T H I C K . A  
4 0 0 1  F O R M A T  ( ' l ' . 5 X , ' k = ' , D 2 2 . 1 6 , 5 X , ' * C = ' , 0 2 3 . 1 6 / 5 X , • S = * , D 2 3 . 1 6 , 5 X ,  
$ • T H I C K N E S S  =  •  , D 2 3 . 1 6 / 5 X ,  • A = « , 0  2 5 .  1 6 )  
S I G M A = S  
S = 2 . 0 * S  
*=2.0** 
* C = 2 . 0 * W C  
8 M A T H K = T H I C K  
T H I C K = T H I C K + T H I C K  
4 6  B S T R I P = 0 . 5 * W C  
A S T R I P = - W + E S T R  I P  
8 M A = 0 . 5 * ( B S T P I F - A S T P  I F )  
B P A = 0 .  5 « (  8  S T R I P + A S  T R I P  )  







G A U S S I A N  Q U A D R A T U R E  N O R M A L I Z E D  A B S C I S S A S  A N D  H E I G H T S ,  N = 4  
N N ( 1 ) = 4  
X (  1 ,  I  )=  . 3 3 9 9 8 1 0  4 3  5 8  4 8 5 6  
X ( 1  , 2 ) = . 8 6 X 1 3 6 3 1 1 5 9  4 0 5 3  
W E I G H N C  1 ,  1  ) = . 6 5 2 1 4 5 1 5 4 8 6 2 5 4 6  
W E I G H N C  1  ,  2  ) =  . 3 4 7 8 5 4 8 4 5  1 3 7 4 5 4  
G A U S S I A N  Q U A D R A T U R E  N C R N A L I Z E D  A B S C I S S A S  A N D  H E I G H T S ,  N = 8  
NN<2)=8 
X C  2 ,  1  ) = . 1 8 2 4 3 4 6 4 2 4 ^ 5 6 5 0  
X ( 2 , 2 )  =  . 5 2 5 5 3 2 4 0 9 9 1 6 3 2 9  
X <  2 , 3 )  =  . 7  9 6 6 6 6 4 7  7 4 1 2 6 2 7  
X C 2 , 4  ) =  . 9 6 0 2 8 9 8 5 6 4 9 7 5 2 6  
W E I G H N ( 2 » 1  ) = . 3 6 2 6 8 3 7 8 3 3 7 8 3 6 2  
W E I G H N C 2 , 2 ) = . 2 1 3 7 C e e 4 5 £ 7 7 e 8 7  
W E I G H N ( 2 , 3  ) = . 2  2 2  5 8  1 0 3 4  4 5 3 3 7 4  
W E I G H N ( 2 , 4 ) = . l 0 1 2 2  8 5 3 6 2 9 0 2  7 6  
G A M 2 0 7 1 0  
G A M 2 0 7 2 0  
G A M 2 0 7 3 0  
G A M 2 0 7 4 0  
G A M 2 0 7 5 0  
G A M 2 0 7 6 0  
G A M 2 0 7 7 0  
G A M 2 0 7 8 0  
G A M 2 0 7 9 0  
G A M 2 0 8 0 0  
G A M 2 0 8 1 0  
G A M 2 0 8 2 0  
G A M 2  0 8 3 0  
G A M 2 0 8 4 0  
G A M 2 0 8 5 0  
G A M 2 0 8 6 0  
G A M 2 0 8 7 0  
G A Y 2 0 8 8 0  
G A M 2 0 8 9 0  
G A M 2 0 9 0 0  
G A M 2 0 9 1 0  
G A M 2 0 9 2 0  
G A M 2 0 9 3 0  
G A M 2 0 9 4 0  
G A M 2 0 9 5 0  
G A M 2  0 9 6 0  
G A M 2 0 9 7 0  
GAM209a0 
G A M 2 0 9 9 0  
G A M 2 1 0 0 0  
G A M 2 1 0 1 0  
G A M 2 1 0 2 0  
G A M 2 1 0 3 0  
G A M 2 1 0 4 0  















G A U S S I A N  Q U A D R A T U R E  N C K N A L I 2 E C  A B S C I S S A S  A N D  W E I G H T S ,  N = 1 2  
N N ( 3 ) = 1 2  
X ( 3 , l ) = . 1 2 5 2 3 3 4 0 6 5 1 1 4 6 9  
X ( 3 , 2 ) = . 3 € 7 e 2  1 4 Ç e Ç Ç 6 i a 0  
X ( 3  , 3 ) = . 5 8 7 3 1 7 9 £ 4 2 8 6 6 1 7  
X ( 3  , 4 )  =  , 7 6 9 9 0 2 6  7 4 1 9  4 3 0 5  
X { 3 » 5 ) =  . 9 0 4 1  1 7 2 5 6 3 7 C 4 7 5  
X ( 3  , 6 ) = . 9 8 1 5 6 0  6  3 4 2 4  6 7 1 9  
W E I G H N ( 3 . l  ) = . 2 4 9  1 4  7 0 4 5 6 1 3 4  0 3  
« E l  G H N ( 3 »  2  ) = . 2 5 3  4 9  2 5  5 6 5 3 6 3 5  5  
I f c E I G H N C  3 , 3 ) = . 2 0 3 1 6  7 4 2 6 7 2 3 0 6 6  
W E I G H N ( 2 , 4  ) = . 1 6 0 0 7 6 3 2 6 5 4 2 3 4 6  
W E I G H N ( 3 , 5  ) =  . 1 0 6 9 3 9 3 2 5 9 9 5 3  1 8  
W E I G H N { 3 , 6 ) = . 0  4 7  1 7 5 3 3 6 3  8 6 5 1 2  
B E G I N  N A I N  L C C F  
C A L C U L A T E  T R A N S M I S S I O N  E V E N  A N D  O D D  M O D E  C A P A C I T A N C E S  F O R  
T H R E E  V A L U E S  C F  N .  ( N = 4 , 8 , 1 2 )  
D O  2 3 0  M = l , 3  
4 9  N = N N ( W )  
N 2 = N / 2  
N 4 = 4 * N  
N 2 2 = 2 * N  
C O M P U T E  N C N - N C R N A L  I 2 E C  G A U S S I A N  W E I G H T S  A N D  A B S C I S S A S .  
1 4 0  D O  1 4 5  1 = 1 , N 2  
T X ( I ) = - B * A * X ( y , N 2+ I - I ) + B F A  
T Y {  I  )=  - B M A T H K * X (  M , N 2 + 1 - I  ) + B P A T I - K  
T X ( N 2 + I ) = B M A * X ( M , I ) + B P A  
T Y ( N 2 + I ) = 8 P A T H K * X ( & , I ) + E F A T H K  
G A M 2  
G A M 2  
G A M 2  
G A  M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
G A M 2  
1 0 6 0  
1 0 7 0  
1 0 8 0  
1 0 9 0  
1  1 0 0  
1 1 1 0  
1 1 2 0  
1  1  3 0  
1 1 4 0  
1  1  5 0  
1  1 6 0  
1  1 7 0  
1 1 80 
1  1 9 0  
1 2 0 0  
1 2 1 0  
1 2 2 0  
1 2 3 0  
1 2 4 0  
1 2 5 0  
1 2 6 0  
1 2 7 0  
12 80 
1 2 9 0  
1 3 0 0  
1 3 1 0  
13 20 
1 3 3 0  
1 3  4 0  
1 3 5 0  
1 3 6 0  
1 3 7 0  
1 3 8 0  
1 3 9 0  
1 4 0 0  
o 
W E I G H X ( N  +  1 - I ) = B M A * W E I G H N ( M , N 2 +  1 - I  )  
W E I G H Y ( N + 1 - I ) = B M A T h K * W E I G H N ( M , N 2 + l - I  )  
W E I G H Y < I ) = W E I G H Y ( N + 1 - I )  
1 4 5  W E I G H X ( I ) = % E I G h X ( N + l - I )  
1 4 9  D O  1 5 1  1 = 1 , N  
G T H I N (  I  )=  1  . 0  
G T H I N O (  I  )=  1 . C D  +  0 0  
W R I T E  ( 6 . 5 5 5 5 )  I  ,  T X (  I  )  . W E  I G H X ( I )  . T Y ( I )  , W E I G H Y ( I )  
F O R M A T  ( 5 X , •  I = «  , 1 2  » 2 X , • T X = • , D 2 3 . 1 6 . 2 X ,  ' W E I G h X = ' . D 2 3 . 1 6 . 2 X , • T Y = « ,  
1 5 0  
5 5 5 5  
$ 
1 5 1  
0 2 3 .  1 6 « 2 X ,  •  W E I G H Y = *  . 0 2 3 . 1 6 )  





B E G I N  C C M P U T A T I C N  G F  C O E F F I C I E N T  M A T R I C E S  
C O S S P  I = D C O S C  C . 5 * S * P I  )  
C O S P I T = C C C S (  ( S  I G M A + T U C K  ) * P I )  
C O S T H K = D C O S ( P I 2 * T H I C K )  
C O S S T = D C O S ( P I 2 * ( S + T H I C K ) )  
C O S H l = O C C S H ( F I * B N A )  
C O S H 2 = 0 C 0 S H ( P I * B P A )  
C O S H 2 A = C C C S H { P I * A S T R I P )  
C 0 S H 2 B = D C G £ H ( F I * E S T R I F )  
D C  2 1 2  1 = 1 , N  
T X I = T X ( I )  
T Y I = T Y ( I )  
C a S H T I = C C O S K T X  I * F I  )  
C O T Y S M = O C O S ( P I 2 * ( T Y I - S I G M A ) )  
C 0 T Y S P = C C 0 S ( P I 2 * < T Y I + S I G M A ) )  
C O T S G M = O C O S ( F I 2 * ( T Y I - S I G M A - T h I C K ) )  
C O T S G P = D C O S < P I 2 * ( T Y I + S I G M A + T H I C K ) )  
C O S P I Y = C C O S ( P I * T Y I )  
C O S H A l  = D C O £ H (  F  1 2 *  ( T X  I - A S T  R I P  )  )  
G A M 2 1 4 1 0  
G A M 2 1 4 2 0  
G A M 2 1 4 3 0  
G A M 2 1 4 4 0  
G A M 2 1 4 5 0  
G A M 2 1 4 6 0  
G A M 2 1 4 7 0  
G A M 2 1 4 8 0  
G A M 2 1 4 9 0  
G A M 2 1 5 0 0  
G A M 2 1 5 1 0  
G A M 2 1 5 2 0  
G A M 2 1 5 3 0  
G A M 2 1 5 4 0  
G A M 2 1 5 5 0  
G A M 2 1 5 6 0  
G A M 2 1 5 7 0  
G A M 2 1 5 8 0  
G A M 2 1 5 9 0  
G A M 2 1 6 0 0  
G A M 2 1 6 1 0  
G A M 2 1 6 2 0  
G A M 2 1 6 3 0  
G A M 2 1 6 4 0  
G A M 2 1 6 5 0  
G A M 2 1 6 Ô 0  
G A M 2 1 6 7 0  
G A M 2 1 6 8 0  
G A M 2 1 6 9 0  
G A M 2 1 7 0 0  
G A M 2 1 7 1 0  
G A M 2 1 7 2 0  
G A M 2 1 7 3 0  
G A M 2 1 7 4 0  
G A M 2 1 7 5 0  
O 
00 
C O S H A 2 = O C O S H ( P I 2 * ( T X I  +  A S T R  I P  )  )  G A M 2 1 7 6 0  
C O S H B l = O C O S H ( P I 2 *  ( T X  I - E S T P  I P  )  )  G A M 2 1 7 7 0  
C a S H B 2 = O C O £ H ( P I 2 « t T X I + B S T R l P ) )  G A M 2 1 7 8 0  
G A M 2 1 7 9 0  
D O  2 1 1  J = 1  , N  G A M 2 1 8 0 0  
T X J = T X (  J  )  G A M 2 1 8 1 0  
T Y J  =  T Y  <  J )  G A M 2 1 8 2 0  
W E G H J X = k E I G H X ( J )  G A M 2 1 8 3 0  
W E G H J Y = W E I C H y ( J )  G A M 2 1 8 4 0  
C a S H M N = D C C S H ( P I 2 * ( T X  I - T X J )  >  G A M 2 1 8 5 0  
C 0 S H P L = D C 0 £ H ( P I 2 * ( 7 X I + T X J ) )  G A M 2 1 8 6 0  
C 0 S H A 3 = C C C S H { P  1 2  * ( A S T R  I P - T X J  )  >  G A M 2  1  8 7 0  
C a S H A 4 = D C C £ H ( P 1 2 * ( A S T R  I P  +  T X J  )  )  G A M 2 1 8 8 0  
C 0 S H B 3 = D C a S H ( P I 2 * ( a £ 1 R | P - T X J ) )  G A M 2 1 8 9 0  
C O S H B 4 = C C O S H ( P  1 2  * ( E S T P  I P + T X J  >  )  G A M 2 1 9 0 0  
C O T Y Y M = D C O  £ ( P I 2 *  t  T Y I - T Y J )  )  G A M 2  1 9 1 0  
C O T Y Y P = D C O S ( P I 2 * ( T Y I + T Y J ) )  G A M 2 1 9 2 0  
C C S S G M = D C 0 S ( P I 2 * ( S  I G W A - T Y J )  )  G A M 2 1 9 3 0  
C O S S G P = D C O S C  P I  2 * ( S I G N A  +  T Y J )  )  G A M 2 1 9 4 0  
C O T T Y M = C C O S ( P 1 2 * ( S  I G M A + T H I C K - T Y J ) )  G A M 2 1 9 5 0  
C O T T Y P = D C O S ( P I 2 *  (  S  I G V A + T H  I  C K +  T Y J  )  )  G A M 2 1 9 6 0  
C O S Y M N = O C O £ ( P 1 2 *  C  T Y I - T Y J ) )  G A M 2 1 9 7 0  
C O S Y P L = C C D S ( P 1 2 * ( T Y  I + T Y J  )  )  G A M 2 1 9 3 0  
I F  ( I - J )  2 0 0 . 1 7 5 , 2 0 0  G A M 2 1 9 9 0  
G A M 2 2 0 0 0  
C O M P U T E  C I A G C N A L  T E R M S  C F  E E , E O , B E T  H I N ,  &  B O T H I N  M A T R I C E S  G A M 2 2 0 1 0  
G A M 2 2 0  2 0  
C I 1 L O W  =  D I . O G ( C I C O N S * D S Q R T (  l . O  +  C O S S P I )  > / ( 2 . 0 * P I )  G A M 2 2 0 3 0  
C I 2 L 0 W = P I 4 * D L C G (  ( C C S h P L - C C S S P I  ) / ( C O S H P L  +  1 . 0 )  )  G A M 2 2 0 4 0  
C I 1 U P R = D L 0 G ( C I C O N S * D S Q R T ( l . C + C C S P I T ) ) / ( 2 . 0 * P I )  G A M 2 2 0  5 0  
C I 2 U P R = P  I 4 * C L O G (  (  C O S  J - P L - C O  £ P  I  T  ) / < C O S H P L +  1 . 0 ) )  G A M 2 2 0 Ô 0  
C I  1 L E F = 0 L C G ( C I C 0 N S * C S Q R T ( 1  . 0 + C C S P  l Y )  ) / ( 2 . 0  * P I )  G A M 2 2 0 7 0  
C I 2 L E F ^ P I 4 * D L O G ( ( C O £ H 2 A - C G T Y Y P ) / ( C C S H 2 A + 1 . 0 ) }  G A M 2 2 0 8 0  
C I 1 R I T = C I 1 L E F  G A M 2 2 0 9 0  




1  7 9  
180 








C I 1  =  D L G G ( 4  . 0 / P I ) / ( 2 . 0 * P I   
C I 2 = ( D L O G ( ( C O S H T I + 1 . 0 ) / ( C Q S H T I - C C S S P I ) ) ) / ( 4 . 0 * P I )  
E I X = - W  +  ( T X I - A S T R  I P  )  * D 1 _ 0 G  (  T  X I  -  A S T R I  P  )  +  C  B S T R I P - T X I  )  •  D L O G (  B  S T  R I  P - T X  
E I  Y = - T H I C K + ( T Y  I - S  I C - M A  )  « D L C G C  T Y  I - S  I  G M A  )  S I  G M A  +  T H  I C K - T Y I  )  *  
» D L O G < S I G M A + T H I C K - T Y I )  
S U M X T = 0 . 0  
S U M Y T = 0 . 0  
B E G I N  C O M P U T A T I O N  O F  I N N E R  S U M  f c l T H I N  M A T R I X  D I A G O N A L  T E R M S .  
D O  1 8 5  K = 1 , N  
I F  ( I - K )  1 8 0 , 1 7 9 , 1 8 0  
G O  T O  1 8 5  
S U M X = W E I G H X ( K ) * D L C G ( D A B S ( T X I - T X « K ) ) )  
S U M Y  =  i s E I G H Y (  K >  * D L C G ( D A E S  C T Y I - T Y ( K )  ) )  
S U M X T = S U M X T + S L M X  
S U M Y T = S U M Y T + S U M Y  
C O N T I N U E  
E I X T O T = 0 . 5 * S U N X T / P I - E I X * 0 . 5 / P I  
E I Y T O T = 0 . 5 * S L P Y T / F I - E I Y * 0 . 5 / F  I  
B E (  I ,  I + N 2 2  ) = W E I G H Y ( I  ) * C C I  I L E F  +  C I 2 L E F ) + E I Y T C T  
E C ( I ,  I + N 2 2  )  =  W E I G H Y { I  ) * ( C I I L E F - C I 2 L E F  J  +  E I Y T O T  
B E ( I + N , I + 3 * N ) = W E I G H Y ( I ) * ( C I 1 R I T + C I 2 R I T ) + E I Y T G T  
B O ( I + N , I + 3 « N ) = W E I G H Y C 1 ) * ( C I I R I T - C I 2 R I T J + E I Y T O T  
B E T H I N ( I  , I  )  =  W E I G H X {  I  ) * tC11+ Ç I 2  )  4E I  X T C T  
B O T H Î N d  , I  )  =  W E I G H X (  I ) * ( C I  1 - C  I  2  ) + E  I  X T  C T  
G C  T O  2 0  5  
C O N T ! N U E  
C O M P U T E  G R E E N ' S  F U N C T I C N  F O R  U S E  I N  O F F - D I A G O N A L  T E R M S .  
F I E L D  P O I N T  C N  L E F T  S U R F A C E ,  S O U R C E  P O I N T  O N  L E F T  S U R F A C E  
G A M 2 2 1 1 0  
G A M 2 2 1 2 0  
I  » G A M 2 2 1 3 0  
G A V 2 2 1 4 0  
G A M 2 2 1 5 0  
G A M 2 2 1 6 0  
G A M 2 2 1 7 0  
G A M 2 2 1 8 0  
G A M 2 2 1 9 0  
G A M 2 2 2 0 0  
G A M 2 2 2 1 0  
G A M 2 2 2 2 0  
G A M 2 2 2 3 0  
G A M 2 2 2 4 0  
G A M 2 2 2  5 0  
G A M 2 2 2 Ô 0  
G A M 2 2 2 7 0  
G A M 2 2 2 8 0  
G A M 2 2 2 9 0  
G A M 2 2 3 0 0  
G A M 2 2 3 1 0  
G A M 2 2 3 2 0  
G A M 2 2 3 3 0  
G A M 2 2 3 4 0  
G A M 2 2 3 5 0  
G A M 2 2 3 6 0  
G A M 2 2 3 7 0  
G A M 2 2 3  8 0  
G A M 2 2 3 9 0  
G A M 2 2 4 0 0  
G A M 2 2 4 1 0  
G A M 2 2 4 2 0  
G A M 2 2 4 3 0  
G A M 2 2 4 4 0  


















K 3 3 A = C L C G (  ( 1  . O - C O T Y Y M  > • (  1 . 0 + C C T Y Y P  > )  
K 3 3 B = O L O G (  ( C 0 S H 2  A - C G T Y Y P  >  /  ( C Q S J - 2 A  +  C 0 T Y Y M  )  )  
B E ( I , J + N 2 2 ) = k E C H J Y * ( K 3 2 A + K 2 2 8 ) * P I 4  
e O (  I  ,  J  +  N 2 2  )  =  W E G H  J Y > »  ( K 3 3 A-K23e ) 4 P I 4  
F I E L D  P C I N T  O N  R I G H T  S U R F A C E »  S O U R C E  P O I N T  O N  R I G H T  S U R F A C E  
K 4 4 A = K 3 3 A  
K 4 4 B = C L C G (  (  C O S H 2  B - C G T Y Y P  ) / (  C O S  » - 2 B + C O T Y  Y M  )  )  
B E ( I + N , J + 3 * N ) = * E G H J Y + ( K 4 4 A + K 4 4 E ) * P I 4  
B O (  I + N , J  + 3 * N  ) = W E G H J Y * ( K 4 4 A - K 4 4 B ) * P 1 4  
F I E L D  P O I N T  O N  L O W E R  S U R F A C E .  S O U R C E  P O I N T  C N  U P P E R  S U R F A C E  
G T I J l = D L C G ( { C C S H N N - 1 . 0  ) / t C C S H M N  +  1  . 0  )  )  
G T I J 2 = D L 0 G  ( t C O S H P L - C O S S P I ) • i C C S H P L + C O S S P I ) )  
B E T H  I N ( I , J  J = W E G h J X * ( G T I J 1 + G T I J 2  )  » P  1 4  
B O T H I  N (  I  ,  J ) = V i i E G H J X * {  G T  I J l - G T  I J 2  ) * P  1 4  
2 0 5  C O N T I N U E  
F I E L D  P O I N T  O N  L E F T  S U R F A C E ,  S O U R C E  P C I N T  O N  L O W E R  S U R F A C E  
K 3 1  A = C L C G (  ( C 0 S H A 3 - C G T Y S N  ) •  ( C C S I - A 3  +  C O T Y S P  )  )  
K 3 1 8 = 0 L 0 G ( ( C 0 S H A 4 - C 0 T Y S P ) / ( C C S H A 4 + C O T Y S M ) >  
B E ( I , J ) = W E G H J X * { K 3 1 A + K 3 1 B ) * P I 4  
B O ( I . J ) = W E G H J X * < K 3 1 A - K 3 1 E ) * P I 4  
F I E L D  P C I N T  O N  L E F T  S U R F A C E .  S O U R C E  P O I N T  O N  U P P E R  S U R F A C E  
K 2 2 A = D L O G ( (COSHA2 - C O T £ G M ) / (CCS F A 3 + C C T S G P ) )  
K 3 2 B = C L O G ( ( C 0 S H A 4 - C C T S G P ) / ( C O S F A 4 + C O T S G M ) )  
B E ( I , J  +  N )  =  V i E G H J X * ( K 3  2 A + K 3 2 B ) * P I 4  
B 0 (  I , J  + N ) = W E G H J X  * ( K 3 2 A - K 2 2 8 > * P I 4  
F I E L D  P O I N T  O N  L E F T  S U R F A C E .  S O U R C E  P C I N T  O N  R I G H T  S U R F A C E  
G A M 2 2 4 6 0  
G A M 2 2 4 7 0  
G A M 2 2 4 8 0  
G A M 2 2 4 9 0  
G A M 2 2 5 0 0  
G A M 2 2 5 1 0  
G A M 2 2 5 2 0  
G A M 2 2 5 3 0  
G A M 2 2 5 4 0  
G A M 2 2 5 5 0  
G A M 2 2 5 6 0  
G A M 2 2 5 7 0  
G A M 2 2 5 8 0  
G A M 2 2 5 Ç 0  
G A M 2 2 6 0 0  
G A M 2 2 6 1 0  
G A M 2 2 6 2 0  
G A M 2 2 6 3 0  
G A M 2 2 6 4 0  
G A M 2 2 6 5 0  
G A M 2 2 6 6 0  
G A M 2 2 6 7 0  
G A M 2 2 6 8 0  
G A M 2 2 6 9 0  
G A M 2 2 7 0 0  
G A M 2 2 7 1 0  
G A M 2 2 7 2 0  
G A M 2 2 7 3 0  
G A M 2 2 7 4 0  
G A M 2 2 7 5 0  
G A M 2 2 7 6 0  
G A M 2 2 7 7 0  
G A M 2 2 7 8 0  











K 3 4 A = D L O G ( ( C C S H 1 - C C S V M M / 1 C G S H 1 + C C S Y F L ) )  
K 3 4 B = O L O G ( < C Q S H 2 - C 0 T Y Y P ) / ( C O S H S  +  C O T Y Y M  )  )  
B E (  I  ,  J + 3 * N  )  =  I « E G H  j y  •  (  K 3 4 A  +  K 3 4 B  ) * P I 4  
B O ( I , J + 3 * N ) = % E G H J Y * ( K 3 4 A - K 3 4 B ) * P I 4  
F I E L D  P C I M  C N  R I G H T  S U F F I C E ,  S O U P C E  P O I N T  O N  L O W E R  S U R F A C E  
K 4 1 A = C L G C (  ( C G S t - E 3 - C O T Y S M  )  /  (  C G S H B  5 + C O T Y  S P  )  )  
K 4 1 B = O L O G (  tCOSHB4 - C O T Y S P >> ' (CCSHe4+COTYSM)  )  
B E (  I + N t J  ) = * E G H J X 4 ( K 4 1 A + K 4 1 B ) * P I 4  
3 C (  I + N  .  J )  =  k « E G H J X * ( K 4 1 A - K 4 1 E ) * P I 4  





K 4 2 A = O L O G ( ( C O S H B 3 - C O T S G M ) / ( C O S h B 3 + C C T S G P ) )  
K 4 2 B = D L C G (  (  C O S H B 4 - C O T S G P  ) • (  C O S I - B 4 + C O T S G M  )  )  
B E {  I + N ,  J + N  ) = I » E G H J X * (  K 4 2 A  +  K 4 2  B  )  * P  1 4  
B O (  I + N . J + N  ) = W E G H J X * ( K 4 2 A - K 4 2 B ) * P I 4  
F I E L D  P O I N T  O N  R I G H T  S U R F A C E ,  S O U R C E  P O I N T  O N  L E F T  S U R F A C E  
K 4 3 A = K 3 4 A  
K 4 3 B = K 3 4 B  
B E (  I + N ,  J + N 2 2  )  =  W E G « - i J Y » (  K 4 3 A + K 4 3 B  ) * P I 4  
8 0 (  I  + N ,  J  +  N 2 2  )  =  » » E C H  J Y * (  K A 3 A - K 4 3 E  )  * P I 4  
2 1 0  C C N T I N U E  
2 1  1  C O N T I N U E  
2 1 2  C O N T I N U E  
C A L L  S U B R O U T I N E  U G E L G  T C  S C L V E  M A T R I X  E Q U A T I O N  F O R  C H A R G E  
D I S T R I B U T I O N S  O N  I N F I N I T E L Y  T H I N  C O N D U C T O R S  
N 3 = N + N + N  
G A M 2 2 8 1 0  
G A M 2 2 8 2 0  
G A M 2 2 8 3 0  
G A M 2 2 8 4 0  
G A M 2 2 8 5 0  
G A M 2 2 8 6 0  
G A M 2 2 8 7 0  
G A M 2 2 8 8 0  
G A M 2 2 8 9 0  
G A M 2 2 9 0 0  
G A M 2 2 9 1 0  
G A M 2 2 9 2 0  
G A M 2 2 9 3 0  
G A M 2 2 9 4 0  
G A M 2 2 9 5 0  
G A M 2 2 9 6 0  
G A M 2 2 9 7 0  
G A M 2 2 9 8 0  
G A M 2 2 9 9 0  
G A M 2 3 0 0 0  
G A M 2 3 0 1 0  
G A M 2  3 0 2 0  
G A M 2 3 0 3 0  
G A M 2 3 0  4 0  
G A  M 2 3 0  5 0  
G A M 2 3 0  6 0  
G A M 2 3 0  7 0  
G A M 2 3 0  8 0  
G A M 2 3 0  9 0  
G A M 2 3 1 0 0  
G A M 2 3 H 0  
G A M 2 3 1 2 0  
G A M 2 3 1 3 0  
G A M 2 3 1 4 0  
M 2 3 J 5 0  
M 
22 1  
5 5 5 9  
3 1 3  
5 5 6 0  
3 1 4  
5 5 6 1  
N 2 2 P 1 = N 2 2 + 1  
C O N T I N U E  
C A L L  U G E L 6  (  G T  I - I N  »  E E T H  I N  »  N  ,  1  2  »  1  .  1  .  O E - 0  6 »  I E R  )  
I F  ( l E R . E Q . O )  G O  T C  3 1 3  
W R  I T E  {  e . 5 £ 5 Ç )  1 E R  
F O R M A T  < 5 X , *  T h I N  C A S E ,  E V E N  N C D E ,  I E R = » , I 2 )  
C A L L  U G E L G  C G T H I N O  , B C T H I K  .  N  .  1 2  ,  1  , 1  . 0 E - 0 6 , I E R )  
I F  ( l E R . E Q . O )  G O  T O  3 1 4  
m R I T E  ( 6 , 5 5 6 0 )  l E r  
F O R M A T  < 5 X , *  T H I N  C A S E ,  C O D  W C D E ,  I E R = « , I 2 )  
W R I T E  ( 6 , 5 5 6 1  )  
F O R M A T  ( 5 X , »  I *  , 2 i ; ;  , »  E V E N  M C D E  T H I N  C H A R G E ' , 1  I X , ' C D C  M O D E  T H I N  





S P L I T  B E / B O  M A T R I C E S  I N T C  T k O  S U B D I V I S I O N S  
M A T R I X  E Q U A T I O N  
D O  3  1 5  1 = 1 , N  
3 1 5  W R I T E  « 6 , 5 5 6 3 )  I  ,  G T  U N  (  I  )  ,  G T H  I  N O  (  I  )
5 5 6 3  F O R M A T  ( 5 X , I  2 , 2 0 X , C 2 3  .  1 6 , I  0 X , D 2 3  .  1 6 )  
G S U M E = C . 0  
G S U M O = 0 . 0  
D O  3 0  1  1  =  1  , N 2 2  
D O  3 0 0  J = 1 , N 2 2  
J N 2 2 = J + N 2 2  
B L E < I  , J ) = B E (  I , J )  
B L O (  I . J  ) = B C (  I , J )  
B R E (  I  , J )  =  E E (  I  ,  J N 2 2  )  
B R O (  I  ,  J ) = B C (  I  ,  J N 2 2 )  
I F  ( J - N )  2 9 9 , 2 9 9 , 2 9 6  
2 9 9  S U M E = B L E ( I , J ) * G T K I h ( J ) 4 A  
S U M O = B L O (  I  , J ) * G T H I N O ( J ) * A  
G O  T O  2 9 7  
2 9 8  S U M E  =  B L E ( I  , J ) * G T h I N ( J - ^ ) • A  
S U M O = B L O ( I . J ) * G T H I N O ( J - N ) * A  
A N D  C R E A T E  N E W  
G A M 2 3 1 6 0  
G A M 2 3 1 7 0  
G A  M 2 3 1 8 0  
G A M 2 3 1 9 0  
G A M 2 3 2 0 0  
G A M 2 3 2 1 0  
G A M 2 3 2 2 0  
G A M 2 3 2 3 0  
. G A M 2 3 2 4 0  
G A M 2 3 2 5 0  
G A M 2 3 2 6 0  
C H A R G A M 2 3 2 7 0  
G A M 2 3 2 8 0  
G A M 2 3 2  9 0  
G A  M  2  3  3 0  0  
G A M 2 3 3 1 0  
G A M 2 3 3 2 0  
G A M 2 3 3 3 0  
G A M 2 3 3 4 0  
G A M 2 3 3 5 0  
G A M 2 3 3 6 0  
G A M 2 3 3 7 0  
G A M 2 3 3 8 0  
G A M 2 3 3 9 0  
G A M 2 3 4 0 0  
G A M 2 3 4 1 0  
G A M 2 3 4 2 0  
G A M 2 3 4 3 0  
G A M 2 3 4 4 0  
G A M 2 3 4 5 0  
G A M 2 3 4 6 0  
G A M 2 3 4 7 0  
G A M 2 3 4 8 0  
G A M 2 3 4 9 0  
G A M 2  3 5 0 0  
2 9 7  
3 0 0  
3 0 1  
G S U M E = G S U M E + S U y E  
G S U M O = G S U M C + S U M O  
G E ( I  ) = 1  . 0 - e S U M E  
G C ( I ) = 1 . O - G S U N C  
G S U M E = 0 «  0  
G S U M a = 0 . 0  





C A L L  
T H I N  
U G E L G  
S I D E S  
T O  
O F  
S O L V E  F C R  R E M A I N I N G  C H A R G E  D I S T R I B U T I O N S  O N  
T H E  S T R I P  C C N D L C T C R S  
C A L L  U G E L G  ( G E  , B R E , N 2 2 t 2 4 . 1 , 1  . O E - 0 6 ,  1 E R )  
I F  ( l E R . E Q . O )  G O  T O  2 1 3  
W R I T E  ( 6 . 4 0 0 2 )  1 E R  
F O R M A T  « •  L G E L G  I E P = » » I 2 )  
C A L L  U G E L G  ( G O  , B R O  . N 2 2 « 2 4  ,  1 ,  1 . C E - 0 6 , 1 E R )  
I F  ( l E R . E Q . O J  G O  T O  2 1 8  
W R I T E  ( 6 , 4 C 1 C )  1 E R  
F O R M A T  ( •  O D D  M O D E  I E R = * , I 2 )  
S U M T E = 0 . 0  
S U M T O = 0 . 0  
W R I T E  ( 6 , 4 0 1 1 )  
4 0 1 1  F O R M A T  ( 5 X  , •  I  • , 4 X , • L E F T  S I C E ,  E V E N  M C D E ' , 1 I X , ' R I G H T  S I D E ,  
S E ' . l l X , ' L E F T  S I D E ,  O D D  M O D E * , 1 I X , ' R I G H T  S I D E ,  C D D  M O D E ' )  
D O  6 0 0  1 = 1 , N  
W R I T E  ( 6 , 5 5 5 7 )  I , G E (  I  ),  G E ( I 4 N ) , G C (  I  ) , G C ( I + N )  
F O R M A T  ( 5 X , I 2 ,  3 % , D 2 3 . 1 6 ,  ex, D 2 3 . 1 6 ,  8 X . D 2 3 . 1 6 ,  7 X , D 2 3 . 1 6 )  
4 0 0 2  
2 1  3  
4 0 1 0  
218 
600 




S U M  B Y  Q U A D R A T U R E  T O  F I N D  T C T A L  C H A R G E  O N  T H E  C O N D U C T O R S  
D O  2 1 5  1 = 1 , h 2 2  
I F  ( I - N )  2 1 4 , 2 1 4 , 2 1 €  
2 1 4  t o E G h X I = W E I G H X ( I )  
k E G H Y I = k E I G H Y ( I )  
A W E I G H = W E G H X I * A  
G A M 2 3 5 1 0  
G A M 2 3 5 2 0  
G A M 2 3 5 3 0  
G A M 2 3 5 4 0  
G A M 2 3 5 5 0  
G A M 2 3 5 6 0  
G A M 2 3 5 7 0  
G A M 2 3 5 8 0  
T H E  G A M 2 3 5 9 0  
G A M 2 3 6 0 0  
G A M 2 3 6 1 0  
G A M 2 3 6 2 0  
G A M 2 3 6 3 0  
G A M 2 3 6 4  0  
G A M 2 3 6 5 0  
G A M 2 3 6 6 0  
G A M 2 3 6 7 0  
G A M 2 3 6 8 0  
G A M 2 3 6 9 0  
G A M 2 3 7 0 0  
G A M 2 3 7 1 0  
G A M 2 3 7 2 0  
E V E N  M O D G A M 2 3 7 3 0  
G A M 2 3 7 4 0  
G A M 2 3 7 5 0  
G A M 2 3 7 6 0  
G A M 2 3 7 7 0  
G A M 2 3 7 8 0  
G A M 2 3 7 9 0  
G A M 2 3 8 0 0  
G A  M 2 3 8 1 0  
G A M 2 3 8  2 0  
G A M 2 3 8 3 0  
G A M 2 3 8 4 0  
G A M 2 3 8 5 0  
S W L O W E  =  G T H I N (  I  ) * A W E I C - H  G A M 2 3 8 6 0  
S M L O * 0 = G T H I N C ( I ) * A k E I G H  G A M 2 3 8 7 0  
5 M L E F E = W E G H Y I * G E ( I )  G A M 2 3 8 8 0  
S N L E F C = W E G H Y I * G C ( I >  G A M 2 3 8 9 0  
S M U P E = C 1 . 0  G A M 2 3 9 0 0  
S M U P O = 0 . 0  G A M 2 3 9 1 0  
S M R I T E = 0 . 0  G A M 2 3 9 2 0  
S M R I T O = 0 « 0  G A M 2 3 9 3 0  
G O  T O  2 1 7  G A M 2 3 9 4 0  
2 1 6  WEGHXI = IAE  IGHX( I -N) G A M 2 3 9 5 0  
W E ' G H Y  I= W E  I G H V <  I - N )  G A M 2 3 9 6 0  
A»EIG H - W E G H X I * A  G A M 2 3 9 7 0  
S M U P E = A IAEIGH*GTHIN( I -N )  G A M 2 3 9 8 0  
S M U P O = A W E I G H * G T H I N O <  I - N )  G A M 2 3 9 9 0  
S M R I T E  =  W E G H Y I * G E t I  )  G A M 2 4 0 0 0  
S M R I T O = * E G H Y I * G O ( I )  G A M 2 4 0 1 0  
S M L O W E = 0 . 0  G A M 2 4 0 2 0  
S M L O W O = 0 . 0  G A M 2 4 0 3 0  
S M L E F E = 0 . 0  G A M 2 4 0 4 0  
S M L E F C  =  0  . 0  G A M 2 4 0 5 0  
2 1 7  S U M T E = £ t M T E + S M L 0 1 f t E 4 - S V U F E  +  S V L E F E + S M F I T E  G A M 2 4 0 6 0  
S U M T O = S U M T C + S M L O W O + S M U P O + S M L E F C + £ M R I T O  G A M 2 4 0 7 0  
2 1 5  C O N T I N U E  G A M 2 4 0 8 0  
C E ( M ) = S U M T E  G A M 2 4 0 9 0  
C O < M ) = S U M T C  G A M 2 4 1 0 0  
W R I T E  ( 6 , 4 0 0 3 )  N . S L M T E ,  S U W T C  G A M 2 4 1 1 0  
4 0 0 3  F O R M A T  ( 2 X , ' N = ' , I 2 , 4 * , ' E V E N  M O D E  C A P A C  I T A N C E = •  , 0 2 3  . 1 6 / 1 0 X  » • O D D  M O O G A M 2 4 1 2 0  
$ E  C A P A C I T A N C E = »  , C 2 3  . 1 6  )  G A M 2 4 1 3 0  
2 3 0  C O N T I N U E  G A M 2 4 1 4 0  
C  G A M 2 4 1 5 0  
C  E X T R A P O L A T E  T H E  T h R E E  V A L U E S  C F  C A P A C I T A N C E  A C C O R D I N G  T O  T H E  G A M 2 4 1 6 0  
C  M E T H O D  S U G G E S T E D  B Y  K A N N L E F  I N  C R D E P  T O  A C C E L E R A T E  C O N V E R G E N C E  G A M 2 4 1 7 0  
C  D O N E  F O F  B O T H  E V E N  A N C  O D D  M O D E  S E T S  O F  C A P A C I T A N C E .  G A M 2 4 1 8 0  
C  G A M 2 4 1 9 0  
E X C A P E = (  2 5 6 . C * C E (  1  ) - 4  C  < 5 6  .  C * C E  (  2  ) + 6 9 1  2 .  C *  C E  (  3  )  ) / 3  0 7 2  .  0  G A M 2 4  2 0 0  
E X C A P O = ( 2 5 6 . 0 * C C ( 1 ) - 4 C 9 6 . 0 * € 0 ( 2 } + 6 9 1 2 . 0 » C O ( 3 ) ) / 3 0 7 2 . 0  G A M 2 4 2 1 0  
W R I T E  ( e , 4 C C 4 )  E X C A P E . E X C A P O  G A M 2 4 2 2 0  
4 0 0 4  F O R M A T ( / 4 X , ' E X T R A P O L A T E D  E V E N  M O D E  C A P A C  I T A N C E ^ »  , D 2 3 . 1 6 / 4 X , • E X T R A P G A M 2 4 2 3 0  
S C L A T E D  C O D  M C C E  C A P A C  I T A N C £ = •  t C 2 3  .  1 6  )  G A M 2 4 2 4 0  
C O U P L = C E X C A P O - E X C A P E ) / ( E X C A P a + E X C A P E )  G A M 2 4 2 5 0  
D B = - 1 . O C O l * D L O G 1 0 ( C O U P L * C O U P L )  G A M 2 4 2 6 0  
T W = T H I C K / k  G A M 2 4 2 7 0  
W R I T E  ( 6 , 5 0 0  1 )  C G U P L , D 8 , T W  G A M 2 4 2 8 0  
5 0 0 1  F C R M A T  ( 4 X , » C O U P L I  h G  C O E F F I C I E N T ,  K = ' . C 2 3 . 1 6 / 4 X ,  ' C O U P L I N G  I N  D B = • , G A M 2 4 2 9 0  
$ 0 2 3 . 1 6 / 4 X , ' T / h = ' . 0  2 3 . 1 6 )  G A M 2 4 3 0 0  
2 3 4  I F  ( N U M - N U M C A T )  2 3 5 . 2 S C . Z 9 0  G A M 2 4 3 1 0  
C  G A M 2 4 3 2 0  
C  R E A D  N E X T  D A T A  S E T  G A M 2 4 3 3 0  
C  G A M 2 4 3 4 0  
2 3 5  R E A D  ( 5 . 4 0 C 5 )  t . k C . S . T h I C K  G A M 2 4 3 5 C  
4 0 0 5  F O R M A T  ( 2 D Z 3 . 1 6 / 2 0 2 3 . 1 6 )  G A M 2 4 3 6 0  
W R I T E  ( 6 , 4 0 0 1 )  W,WC , S . T H I C K , A  G A M 2 4 3 7 0  
W = * + *  G A M 2 4 3 8 0  
W C = W C + W C  G A M 2 4 3 9 0  
B M A T H K = T H I C K  G A M 2 4 4 0 0  
S I G M A = S  G A M 2 4 4 1 0  
T H I C K = T H I C K + T H C K  G A M 2 4 4 2 0  
S = S + S  G A M 2 4 4 3 0  
N U M = N U M + 1  G A M 2 4 4 4 0  
G C  T O  4 6  G A M 2 4 4 5 0  
2 9 0  S T O P  G A M 2 4 4 6 0  
E N D  G A M 2 4 4 7 0  
c G A U M O O l O  
C . . . .  G A U M O O  2 0  
C  G A U M 0 0 3 0  
C  M A I N  P R O G R A M  G A L M  G A U M 0 0 4 0  
C  G A U M 0 0 5 0  
C  P U P F C S E  G A U M 0 0 6 0  
C  A N A L Y S I S  O F  S I N G L E  C E N T E R E D  S T K I P L I N E  B Y  T H E  M O D I F I E D  G A U M 0 0 7 0  
C  " C H E S T N U T "  T E C H N I Q U E .  G A U M 0 0 8 0  
C  G A U M 0 0 9 0  
C  P R O G R A M  G E N E R A T I O N  G A U M O l O O  
C  M A I N  P R C G R A M  G A U M  M A Y  E E  O E T A I N E E  E Y  P E R F O R M I N G  C E R T A I N  G A U M O l l O  
C  A L T E R A T I O N S  C N  M A I N  P R C G R A K  G A P 2 .  T H E S E  C H A N G E S  A R E  T H E  G A U M 0 1 2 0  
C  F O L L O W I N G :  ( 1 )  L E T  k  A N D  k C  B E  E Q U A L  I N  T H E  I N P U T  D A T A ;  G A U M 0 1 3 0  
C  ( 2 )  S E T  C I 2 X X X = 0 . 0 .  K k H E R E  X X  X =  L O 1 »  »  U P R .  R I T  ,  &  L E F Î  G A U M 0 1 4 0  
C  ( 3 )  S E T  K X X B = 0 . 0 .  k H E R E  X X = 1 1 , 1 2 , 1 2 , 1 4 , 2 1 . . . .  G A U M 0 1 5 0  
C  ( 4 )  E C (  I  , J > = B E (  I  ,  J  >  S C  C N E  M A T R I X  M A Y  B E  O M I T T E D ;  G A U M 0 1 6 0  
C  ( 5 )  S I M I L A R L Y ,  I T  I S  N E C E S S A R Y  T C  C A L L  U G E L G  O N L Y  O N C E ,  G A U M 0 1 7 0  
C  S I N C E  T H E R E  I S  N O  D I S T I N C T I O N  B E T W E E N  E V E N  A N D  O D D  M O D E S .  G A U M 0 1 8 0  
C  ( T H E  P R C G R A M  M A Y  B E  R U N  W I T H O U T  T A M P E R I N G  W I T H  T H E  B E / B O  G A U M 0 1 9 0  M  
C  M A T R I C E S  A N D  h I T H O U T  A L T E R I N G  T H E  C A L L S  T C  U G E L G .  T H I S  I S  G A U M 0 2 0 0  
C  I N E F F I C I E N T ,  H O W E V E R ,  S I N C E  T H E  P R O G R A M  T H E N  C A L C U L A T E S  G A U M 0 2 1 0  
C  C A P A C I T A N C E  T W I C E  F C R  E A C H  D A T A  S E T . ) ;  G A U M 0 2 2 0  
C  ( 6 J  S T A T E M E N T S  D E A L I N G  W I T H  C O L P L  £ •  D E  M U S T  E E  R E M O V E D .  C A U M 0 2 3 0  
C  G A U M 0 2 4 0  
G A U M  0  2 5 0  
c G A U S O O l O  
C  .  . . . .  . . G A U S 0 0 2 0  
C  G A  u s  0 0  3 0  
C  M A I N  P R O G R A M  G A L S S  G A U S 0 0 4 0  
C  G A U S 0 0 5 0  
C  P U R P O S E  G A U S 0 0 6 0  
C  A N A L Y S I S  O F  P R O P E R T I E S  O F  O V E R L A P P E D .  O F F S E T ,  C O U P L E D  S T R I P - G A U S 0 0 7 0  
C  L I N E  T R A N S M I S S I O N  L I N E .  G I V E N  A S  I N P U T  T H E  P H Y S I C A L  G A U S 0 0 8 0  
C  D I M E N S I O N S  O F  T H E  T R A N S M I S S I O N  L I N E .  T H I S  P R O G R A M  C A L C U L A T E S G A U S 0 0 9 0  
C  T H E  E L E C T R O M A G N E T I C  P R O P E R T I E S  O F  C H A R A C T E R I S T I C  L I N E  G A U S O l O O  
C  I M P E D A N C E ,  C A P A C I T A N C E ,  A N D  C O U P L I N G  C O E F F I C I E N T .  G A U S O I I O  
C  Z E R O  T H I C K N E S S  S T R I P  C O N D U C T O R S  A R E  A S S U M E D .  G A U S 0 1 2 0  
C  G A U S 0 1 3 0  
C  M E T H O D  G A U S 0 1 4 0  
C  E V A L U A T I O N  O F  A  G R E E N ' S  F U N C T I O N  P O T E N T I A L  I N T E G R A L  A T  G A U S 0 1 5 0  
C  D I S C R E T E  P C I  N T S  O N  T H E  C R O S S  S E C T I O N  O F  T H E  S T R I P  C O N D U C -  G A U S 0 1 6 0  
C  T O R S  B Y  T H E  A P P L I C A T I O N  C F  A  G A U S S I A N  Q U A D R A T U R E  F O R M U L A .  G A U S 0 1 7 0  ^  
C  G A U S O i a O  M  
C  R E F E R E N C E  G A U S 0 1 9 0  ° °  
C  P A U L  C .  C H E S T N U T .  ' O N  D E T E R M I N I N G  T H E  C A P A C I T A N C E S  O F  G A U S 0 2 0 0  
C  S H I E L D E D  M U L T  I C C N D U C T C R  T R A N S M I S S I O N  L I N E S , '  I E E E  T R A N S -  G A U S 0 2 1 0  
C  A C T I O N S  O N  M I C R O W A V E  T H E C R Y  A N D  T E C H N I Q U E ,  V O L .  M T T - 1 7 ,  G A U S 0 2 2 0  
C  N O .  1 0 ,  O C T O B E R  1 9 6 9 ,  P P .  7 3 4 - 7 4 5 .  G A U S 0 2 3 0  
C  G A U S 0 2 4 0  
C  L I S T  O F  S I G N I F I C A N T  V A R I A B L E  N A N E S  G A U S 0 2 5 0  
C  A S T R  I P  L E F T M O S T  C O O R D I N A T E  C F  S T R I P  C O N D U C T O R  G A U S 0 2 6 0  
C  B S T R I P  R I G H T M O S T  C O O R D I N A T E  O F  S T R I P  C O N D U C T O R  G A U S 0 2 7 0  
C  B E / B C  M A T R I X  ( E V E N / O D D  M O D E )  C O E F F I C I E N T S  C F  G A U S S I A N  G A U S 0 2 8 0  
C  Q U A D R A T U R E  O P E R A T I O N  O N  G R E E N ' S  F U C T I O N  I N T E G R A L  G A U S 0 2 9 0  
C  C E / C O  E V E N / O D D  M O D E  C A P A C I T A N C E  O F  T R A N S M I S S I O N  L I N E  G A U S 0 3 Q 0  
C  C I 1  L I M I T  T E R M  G A U S 0 3 1 0  
C  C I 2  L I M I T  T E R M  G A U S 0 3 2 0  
C  C O U P L  C O U P L I N G  C O E F F I C I E N T ,  K  G A U S 0 3 3 0  
C  E P R  R E L A T I V E  D I E L E C T R I C  C O N S T A N T  G A U S 0 3 4 0  
C  E X C A P E  E X T R A P C L A T E C  E V E N  M O D E  C A P A C I T A N C E  G A U S 0 3 5 0  
c E X C A P O  E X T R A P O L A T E D  O D D  M O D E  C A P A C I T A N C E  G A U S 0 3 6 0  
c G T I J l  C O K P C K E N T  C F  G R E E N ' S  F U N C T I O N  G A U S 0 3 7 0  
c G T I J 2  C O M P C N E N T  C F  G R E E N ' S  F U N C T I O N  G A U S 0 3 8 0  
c N U M D A T  N U M B E R  O F  D A T A  P A I R S  O F  W C  &  W  P R O V I D E D  G A U S 0 3 9 0  
c P I  P I  G A U S 0 4 0 0  
c S  S / B  R A T I O ,  S T R I P  V S  G R C U N D  P L A N E  S E P A R A T I O N S  G A U S 0 3 9 0  
c T  S E T  C F  D I S C P E T E  P O I N T S  O N  C O N D U C T O R  F O R  G A U S S I A N  G A U S 0 4 2 0  
c Q U A D R A T U R E  G A U S 0 4 3 0  
c M  W / 8  R A T I O .  S T R I P  W I D T H  V S  G R O U N D  P L A N E  S E P A R A T I O N  G A U S 0 4 4 0  
c W C  W C / B  R A T I O ,  S T R I P  O V E R L A P  V S  G R O U N D  P L A N E  S P A C I N G  G A U S 0 4 5 0  
c W E I G H T  S E T  O F  G A U S S I A N  H E I G H T S  G A U S 0 4 6 0  
c W E I G H N  N O R M A L I Z E D  S E T  O F  G A U S S I A N  W E I G H T S  G A U S 0 4 7 0  
c X  N O R M A L I Z E D  S E T  C F  G A U S S I A N  A B C I S S A S  G A U S 0 4 8 0  
c Z O  T R A N S M I S S I O N  L I N E  C H A R A C T E R I S T I C  I M P E D A N C E  G A U S 0 4 9 0  
c Z O E  E V E N  W C D E  I M P E D A N C E  G A U S 0 5 0 0  
c Z O O  O D D  M O D E  I M P E D A N C E  G A U S 0 5 1 0  
c G A U S 0 5 2 0  
c I N P U T  D A T A  F O R M A T  G A U S 0 5 3 0  
c C A R D  1  :  C O L S  1 - 2  N U M D A T  1 2  F O R M A T  G A U S 0 5 4 0  
c C A R D  2  :  C O L S  1 - 2 3  E P R  D 2 3 . 1 6  F O R M A T  G A U S 0 5 5 0  
c C A R D  3  :  C G L S  1 - 2 3  S  D 2 3 . I 6  F O R M A T  G A U S 0 5 6 0  
c C A R D S  4  , 5 , . .  :  C O L S  1 - 2 3  W C  D 2 3 . 1 6  F O R M A T  G A U S 0 5 7 0  
c C O L S  5 8 - 8 0  W  D 2 3 . 1 6  F O R M A T  G A U S 0 5 8 0  
c G A U S 0  5 9 0  
c S U B R O U T I N E  S  R E Q U I R E D  G A U S 0 6 0 0  
c U G E L G  G A U S 0 6 1 0  
c G A U S 0 6 2 0  
• G A U S 0 6 3 0  
c G A U S 0 6 4 0  
I M P L I C I T  R E A L M S  ( A - H , C - Z )  D E B U G G G G  
D I M E N S I O N  L L ( 3 ) , N N ( 2 )  G A U S 0 6 5 0  
D O U B L E  P R E C I S I C N  A S T F  I  F , E E ( 2 4 . 2 4  )  »  E M A , B O ( 2 4 , 2 4 ) , B P A , B S T R I P , C E ( 3 )  ,  G A U S C 6 6 0  
* C 0 ( 3 ) , C I 1 , C I 2  , C O S H M N , C C S H P L  , C G £ H T I  , C C S S P I  , C O U P L , E I  , E P R , E X C A P E .  G A U S 0 6 7 0  
* E X C A P O , G < 2 4  J ,  G T  I J l , G T  I J 2 , P I , S , S Q R T 2 , S Q T R H O , S U M , S U M T , S U M T E , S U M T O ,  G A U S 0 6 8 0  




C  U N I T  N U M B E R S  P R C V I D E D  H E R E  F O R  E A S Y  A L T E R A T I O N .  
J I N = 5  
J O U T = 6  
C********************************************************************* 
c 
C  I N I T I A L I Z A T I O N  
C  
P I = 3 . 1 4 1 5 9 2 6 5 2 5 6 9 7 9 3  
N U M = 1  
L L ( 1 ) = 0  
L L (  2 ) =  4  
L L  ( 3  )  = 1 0  
C  
S Q « T 2 = 0 S Q R T C  2 . 0 0 + 0 0 1  
W R I T E  ( J G U T . 1 0 0 5 )  
1 0 0 5  F O R M A T  {  I H 1  .  l O X .  £ 1 H C V E R L A P P E D  C O L P L E C  S T R I P L I N E  A N A L Y S I S  P R O G R A M  
* A U S S / / / / >  
R E A D  I N  I N P U T  D A T A .  
R E A D  ( J I N , 1 0 0 0 )  N U M D A T . E F P . S . h C . W  
1 0 0 0  F O R M A T  ( I 2 , 2 ( / D 2 2 . 1 6 ) / D 2 J . 1 6 , 3 4 X , D 2 3 . 1 6 }  
I F  ( S - 1 . 0 )  1 9 , 1 9 , 1 8  
1 8  S = 1 . 0 / S  
1 9  W R I T E  ( J O U T . l O O l )  5 , E F R , k U N C A T  
1 0 0 1  F O R M A T  ( 5 X , 4 H S / B = , D 2 3 . 1 6 , 5 X , 2 0 H R E L A T I V E  D I E L E C T R I C ^ , 0 2 3 . 1 6 /  
* 5 X , 2 2 H N U M B E R  C F  D A T A  F C I  N T S = , 1 3 / / / / )  
W R I T E  ( J O U T , 1 0 0 2 )  W C . k  
1 0 0 2  F O R M A T  ( 1 0 X , 5 H W C / E = ,  9 X  , D 2 3  . 1  6 / 1 0  X ,  4 H  W / B =  ,  l O X  , D  2 3  .  1  6 )  







G A U S 0 7 Û 0  
G A U S 0 7 1 0  
* * G A U S 0 7 2 0  
G A U S 0 7 3 0  
G A U S 0 7 4 0  
G A U S 0 7 5 0  
* * G A U S 0 7 6 0  
G A U S 0 7 7 0  
G A U S 0 7 8 0  
G A U S 0 7 g 0  
G A U S 0 8 0 0  
G A U S 0 8 1 0  
G A  U S  0 8  2 0  
G A U S 0 8 3 0  
G A U S 0 8 4 0  
G A U S 0 8 5 0  
G A U S 0 8 6 0  
G A U S 0 8 7 0  
G G A U S 0 8 8 0  
G A U S 0 8 9 0  
G A U S 0 9 0 0  
G A U S 0 9  1 0  
G A U S 0 9 2 0  
G A  U S 0 9 3 0  
G A U S 0 9 4 0  
G A U S 0 9 5 0  
G A U S 0 9 6 0  
G A U S 0 9 7 0  
G A U S 0 9 8 0  
G A U S 0 9 9 0  
G A U S 1 0 0 0  
G A U S I O 1 0  
G A U S 1 0 2 0  
G A U S 1 0 3 0  
G A U S 1 0 4 0  
N N ( 1 ) = e  G A U S  1 0 5 0  
X (  I  ) = 0  . 1 8 3 4 3 4 6 4 2 4 9 5 6 5 0  +  0 0  G A U S I 0 6 0  
X ( 2 ) = 0 . 5 2 5 5 3 2 4 0 9 9 1 6 3 2 9 0 + 0 0  G A U S 1 0 7 0  
X ( 3 ) = C . 7 9 6 6 6 6 4 7 7 4 1 3 6 2 7 0 + 0 0  G A U S 1 0 8 0  
X ( 4 ) = 0  . 9 6 0 2 8 < 3 8 5 6 4 9 7 5 3 6 C  +  0 0  G A U S 1 0 9 0  
\ f t E I G H N ( 1 > = 0 . 3 6 2 6  6 3  7  8 3 3  7 8 3 6 2 0 + 0  0  G A U S 1 1 0 0  
W E  I G H N ( 2 )  =  0 . 3 1 3 7 0 6 6 4 5 8 7 7 6 8 7 0  +  0 0  G A U S I 1 1 0  
V K E  I G H N ( 3  )  =  0  . 2 2 2 3 8 1  0 3 4  4 5 3  3 7 4 0 + 0  0  G A U S I 1 2 0  
W E  I G H N {  4 )  =  C .  1 0 1 2 2 8 5 3 6 2 Ç 0 3  7 6 D + 0  0  G A U S  1  1 3 0  
G A U S I 1 4 0  
G A U S S I A N  C U A O R A T U R E  N C R P A L I Z E O  A B S C I S S A S  A N O  W E I G H T S t  N =  1  2  G A U S I 1 5 0  
G A U S 1 1 6 0  
N N C 2  ) = 1 2  G A U S I 1 7 0  
X ( 5 ) = 0 . 1 2 5 2 2 3 4 0 8 5 1 1 4 6 9 0 + 0 0  G A U S 1 1 8 0  
X ( 6 3  =  0 . 3 6 7 8 3 1 4 9  8  9 5 8  1  8 0 0 + C O  G A U S I 1 9 0  
X <  7 ) = 0 . 5 8 7 3 1 7 9 5 4 2  8 6 6 1 7 C + 0 0  G A U S 1 2 0 0  
X (  e )  =  0 .  7 6 9 - 9 0 2 6 7 4 1  9 4 3 0 5 0 + 0 0  G A U S 1 2 1 0  
X ( 9  ) = 0 . 9 0 4 1 1 7 2 5 6 3  7 0 4 7 5 0  +  0 0  G A U S 1 2 2 0  
X ( 1 0 ) = 0 . 9 8 1  5 6 0 6 3 4 2 4 6 7 1 9 0 + 0 0  G A U S 1 2 3 0  
W E  I G H N (  5  ) = C .  2 4 9 1  4 7  0 4  5 8  1 3 4 0  2 0  +  0  0  G A U S 1 2 4 0  
W E  I G k N ( 6 ) = 0  . 2 3 3 4 9  2  5 3 6  5 3  8 3 5  5 0 + 0  0  G A U S 1 2 5 0  
W E I G H N ( 7 ) = 0 . 2 0 3 1 6  7  4 2 6  7 2 3 0 6 6 0 + 0  0  G A U S 1 2 6 0  
W E I G H N ( 8  > = 0 .  1 6 0 0 7 8 3 2 8 5 4 3 3 4 6 0  +  0 0  G A U S 1 2 7 0  
W E I G H N { 9 ) = 0 .  1 0 6 9  2 9 3 2  5 9 9 5 3 1 8 0 + 0  0  G A U 3 1 2 8 0  
W E I G H N ( 1 0 ) = 0 . 0  4 7 1 7 5 3 3 6 3  8 6 5 1 2  0 + 0 0  G A U S 1 2 9 0  
G A U S 1 3 0 0  
G A U S S I A N  C U A O K A T U R E  N C f i V A L I Z E C  A B S C I S S A S  A N D  W E  I G H T S ,  N =  2 4  G A U S I 3 1 0  
G A U S 1 3 2 0  
N N ( 3  ) = 2 4  G A U S 1 3 3 0  
X ( 1 1 ) = . 0 6 4 0 5 6 8 9 2  8 6 2 6 0 5 6 0 + 0 0  G A U S 1 3 4 0  
X (  1 2 ) = . 1 9 1  1 1 8 8 6 7 4 7 2 6  1 6 2 0  +  0 0  G A U S 1 3 5 0  
X ( 1 3  >  =  . 3 1 5 0  4 2 6 7 9 6 9 6 1 6 3 4 0  +  0  0  G A U S 1 3 6 0  
X (  1 4 ) = . 4 2 3 7 9 2 5 0 7 6 2 6 0 4 5 1 0  +  0 0  G A U S 1 3 7 0  
X ( 1 5 ) = . 5 4 5 4 2 1 4 7 1 2 8 8 8 3 9 5 0 + 0 0  G A U S 1 3 8 0  
X (  1 6 >  =  . 6 4 8 0 9 3 6 5 1 9 3 6 9 7 5 6 C  +  0 0  G A U S 1 3 9 0  
4 5  
4 7  
4 6  








X (  1 7 ) = . 7 4 0  1 2 4 1 9 1 5 7 6 5 5 4 4 0  +  0 0  
X (  1 8  ) =  . 8 2 0 0  0 1 9 8 5  9 7 3 9 0  2 9 0 + 0  0  
X (  1 9 )  =  . 8 6 6 4 1 5 5 2 7 C C 4 4 0 1 C D  +  0 0  
X t  2 0  ) = . 9 3 8 2 7 4 5 £ 2 0 0  2 7  3  2  6 0 + O C  
X C  2 1 >  =  . 9 7 4 7 2 6 5 5 5 9 7 1 3 0 9 5 0 + 0 0  
X <  2 2 )  =  . 9 9 5 1 8 7 2 1 9 9 9 7 0 2 1 4 0 + 0 0  
t t E I G H N ( 1 1 ) = . 1 2 7 9 3 8 1 9 5 3 4 6 7 5 2 2 0 + 0 0  
W E I G H N C l 2 ) = . 1 2 5 8 3  7 4 5 6 3 4 6  8 2 8 3  0 + 0 0  
W E  I G H N {  1 3 )  =  .  1 2 1 6 7 0 4 7  2 9  2 7 6 0  3 4 0 + C O  
k E I G H N ( 1 4 )  = . 1 1 5 5 0 5 6 6 8  0 5 3 7 2 5 6  0 + C O  
W E I G H N (  1 5 ) = .  1 0 7 4 4 4 2 7 C l  1 5 9 6 5 6 C + C O  
W E  I G H N C  1 6 ) = . 0 9 7 6 1 8 6 5 2  1 0 4  1 1 3 9 0 + 0 0  
W E  I G H N ( 1 7  )  =  . 0 8 6 1 9 0 1 6 1 5 3 1 9 5 3 3 C + 0 0  
W E I G H N < 1 6 ) = . C 7 3 3 4 6 4 8 1 4 1 1 0 8  0 3 0 + 0 0  
W E  I G H N { 1 9  ) = . 0 5 9 2 9 8 5 8 4 9 1 5 4 3  6 8 0 + 0 0  
» E I G H N ( 2  0 ) = . 0 4 4 2 7 7 4 3 8 8 1 7 4 1 9 8 0 + 0 0  
W E I G H N ( 2 1 ) = . 0 2  8 5  3 1 3  6  6 6  2 8 9 3  3  7 0 + 0 0  
W E I G H N ( 2 2 ) = . 0  1 2 3 4 1 2 2 9 7 9 9 9 8 7 2 0 + 0 0  
S = S + S  
W C = W C + W C  
w=w+ w  
E S T R I P = 0  . 5 4 W C  
A S T R I P = - W + g S T R I F  
B M A = 0 . 5 * ( B £ T R I P - A S T R I P )  
8 P A = 0 . 5 * ( B S T R I P + A S T R I P )  
C O S S P I = O C O S ( 0 . 5 * S * P I )  
B E G I N  V A I N  L C C P  
C A L C U L A T E  T R A N S M I S S I O N  E V E N  A N D  O D D  M O D E  
T H R E E  V A L U E S  C F  N .  ( N = 8 , 1 2 , 2 4 )  
D O  2 3 0  M = 1 . 3  
N = N N ( M )  
C A P A C I T A N C E S  F O R  
G A U S 1 4 0 0  
G A U S 1 4 1 0  
G A U S 1 4 2 0  
G A U S 1 4 3 0  
G A U S 1 4 4 0  
G A U S 1 4 5 0  
G A U S 1 4 6 0  
G A U S 1 4 7 0  
G A U S 1 4 8 0  
G A U S 1 4 9 0  
G A U S  1 5 0 0  
G A U S 1 5 1 0  
G A U S l 5 2 0  
G A U S 1 5 3 0  
G A U S 1 5 4 0  
G A U S 1 5 5 0  
G A U S 1 5 6 0  
G A U S 1 5 7 0  
G A U S 1 5 8 0  
G A U S 1 5 9 0  
G A U S 1 6 0 0  
G A U S 1 6 1 0  
G A U S 1 6 2 0  
G A U S l 6 3 0  
G A U S 1 6 4 0  
G A U S 1 6 5 0  
G A U S 1 6 6 0  
G A U S 1 6 7 0  
G A U S 1 6 8 0  
G A U S 1 6 9 0  
G A U S 1 7 0 0  
G A U S 1 7 1 0  
G A U S 1 7 2 0  
G A U S 1 7 3 0  
G A U S 1 7 4 0  














L = L L ( M >  
N 2 = N / 2  
C O M P U T E  N O N - N O R M A L I Z E D  G A U S S I A N  W E I G H T S  A N D  A B S C I S S A S .  
1 4 0  D O  1 4 5  I - 1 . N 2  
I X = L + N 2 + 1 - I  
I V > = N + l - I  
I N 2 = N 2 + I  
I L = L + I  
T ( I ) = - 8 M A » X ( % X ) + B P A  
T < I N 2 ) = B M A * X ( I L ) + B P A  
W E I G H T ( I k ) = B * A * W E I G H h ( I X )  
1 4 5  W E I G H T ( I ) = * E I G H T ( I * )  
B E G I N  C C M P U T A T I C N  C F  C O E F F I C I E N T  M A T R I C E S ,  B E  A N D  B O .  
C O R R E S P O N D I N G  T O  E V E N  A N D  C D D  M C D E S  R E S P E C T I V E L Y .  
D O  2 1 2  1 = 1 . N  
1 5 1  G (  1 ) = 1  . 0  
T I P I = T  ( I ) * F  I  
C O S H T I = 0 . 5 * ( D E X P ( T I P I ) + D E X F ( - T I P I ) )  
D O  2 1 1  J = 1 , N  
I F  (  I - J )  2 0 0  *  1 7 5 , Z C O  
1 7 5  C I  1  =  ( D L C G ( S G F T 2 * S Q R T 2 * S Q R T 2 * C S  G R T ( 1 . + C O S S P I ) / P I ) ) / ( 2 . * P I )  
C I 2 = ( D L 0 G (  ( C O S H T H - 1 . 0 ) / ( C O S H T I - C C S S P I  ) ) ) / ( 4 . 0 * P I )  
E I = - W + ( T ( I  ) - A S T R  I P  ) * C L O G ( T (  I  ) - A S T R I P ) + ( 8 S T R I P - T ( I ) ) *  
*  O L O G ( B S T R I P - T ( I ) )  
S U M T = 0 . 0  
B E G I N  C O M P U T A T I O N  O F  I N N E R  S U N  k I T H I N  M A T R I X  D I A G O N A L  T E R M S .  
D O  1 9 2  K  =  1  ,  N  
G A U S 1 7 5 0  
G A U S l 7 6 0  
G A U S 1 7 7 0  
G A U S l 7 â 0  
G A U S 1 7 q 0  
G A U S 1 8 0 0  
G A U S l 8 1 0  
G A U S  1 8  2 0  
G A U S 1 8 3 0  
G A U S 1 8 4 0  
G A U S 1 8 5 0  
G A U S 1 8 6 0  
G A U S 1 8 7 0  
G A U S  1 8 8 0  
G A U S 1 8 9 0  
G A U S 1 9 0 0  
G A U S  1 9  1 0  
G A U S 1 9 2 0  
G A U S  1 9 3 0  
G A U S 1 9 4 0  
G A U S 1 9 5 0  
G A U S 1 9 6 0  
G A U S 1 9 7 0  
G A U S 1 9 8 0  
G A U S  1 9 9 0  
G A U S 2 0 0 0  
G A U S 2 0 1 0  
G A U S 2 0 2 0  
G A U S 2 0 3 0  
G A U S 2 0  4 0  
G A U S 2 0 5 0  
G A U S 2 0 6 0  
G A U S 2 0 7 0  
G A U S 2 0 8 0  
G A U S 2 0 9 0  
M W U> 
1 8 5  
1 9 0  
1 9 1  




2 1 4  
3 0  5  
2 1 3  
I F  (  I - K )  1 9 0 . 1 8 5 ,  1 9 0  
G O  T O  1 9 2  
S U M = * E I G H T ( K ) * D L C G ( D A B S ( T ( I  ) - T ( K ) ) >  
S U M T = S U M T + S U M  
C O N T I  N U E  
B E ( I • I ) = t e E I G H T < I ) * ( C I l + C I 2 ) + 0 . 5 * S U M T / P I - E I * 0 « S / P I  
B O ( I .  I  ) = W E I G H T < I ) * ( C I 1 - C 1 2 )  +  0 . 5 * S U M T / P I - E I * 0 . 5 / P I  
G O  T O  2 1 1  
T U P  I = C . 5 * P I * (  T (  I  ) - T {  J )  )  
C O S H M N = 0  . 5 * ( 0 E X F ( T U P  I  ) + D E X P ( - T U P  I  ) )  
T I J P I P - 0 . 5 * P I * ( T ( I ) + T ( J ) )  
C G S H P L  =  0  . 5 * ( D E  X P ( T U P I P ) + D E X P C - T U P I P )  )  
C O M P U T E  G R E E N ' S  F U N C T I C N  F O R  U S E  I N  O F F - D I A G O N A L  T E R M S .  
G T  U 1 = 0 L C G < ( C C S H M N - 1 . 0 ) / ( C C S h M N  +  C O S S P I  )  )  
G T  I J 2 = D L 0 G ( ( C O S H P L - C C S S P I ) / ( C O S H P L + 1 . 0 ) )  
E E (  I »  J )  =  W E  I G H T (  J  ) ' » ( G T I J l + G T U 2 ) * ( - 0 . 2 5 / P I  )  
B O ( I  ,  J )  =  W E I G H T ( J ) * ( G T I J 1 - G T I J 2 ) * C - 0 . 2 5 / P I )  
C O N T  I N U E  
C O N T I N U E  
C A L L  S U B R O U T I N E  U G E L G  T O  S O L V E  M A T R I X  E O L A T I O N  F O R  C H A R G E  
O I S T I B U T I G N  O N  I N N E R  C C N D U C T O R S .  E V E N  M O D E .  
C A L L  U G E L G  ( G , E E , N , 2 4 , 1 , 0 . 0 0  1 , 1 E R )  
I F  ( 1 E R )  2 1 4 , 2 1 3 , 2 1 4  
W R I T E  ( J 0 L T , 1 3 C 5 )  1 E R  
F O R M A T  < 3 9 H  S U B R O U T I N E  U G E L G  W A R N I N G  M E S S A G E ,  I E R = , I 3 )  
S U M T E = 0 . 0  
S U N ,  I N  G U A C f i A T U P E ,  T H E  C H A R G E  A T  N  D I S C R E T E  P O I N T S ,  T ( I ) ,  A N D  
D E T E R M I N E  T H E  R E S L L T I N G  C A P A C I T A N C E .  ( E V E N  M O D E )  





S U M = W E I G H T (  
S L M T E = S U M T E + S U K  
2 1 5  G (  I )  =  1  . 0  
C A L L  S U B R O U T I N E  U G E L G  T C  S C L V E  M A T R I X  E Q U A T I O N  F O R  C H A R G E  










C A L L  U G E L G  < G , E O » N  . 2 4  »  1 , 0  . 0 0  1  .  I E F )  
I F  (  1 E R )  2 1 7 . 2  1 6 , 2  1 7  
2 1 7  W R I T E  ( J O U T , 1 3 0 5 )  l E P  
S U M .  I N  Q U A D R A T U R E .  T H E  C H A R G E  A T  N  D I S C R E T E  P O I N T S .  T ( I ) .  A N D  
D E T E R M I N E  T H E  R E S U L T I N G  C A P A C I T A N C E .  ( O D D  M O D E )  
2 1 6  S U M T O = 0 . 0  
D C  2 2 0  1 = 1 . N  
S U M = W E I G H T ( I ) * G ( I )  
2 2 0  S U M T O = S U M T O + S U M  
C E ( N ) = E P P * 8 . 8 5 4 2 C - 1 2 * S U M T E  
C O ( M )  =  E P R * 8 . 8 5  4  2 D -  1 2 * S L M T O  
2 3 0  C O N T I N U E  
E X T R A P O L A T E  T H E  T H R E E  V A L U E S  O F  C A P A C I T A N C E  A C C O R D I N G  T C  T H E  
M E T H O D  S U G G E S T E C  B Y  K A M N L E P  I N  C R D E R  T O  A C C E L E R A T E  C O N V E R G E N C E  
D O N E  F O R  B O T H  E V E N  A N D  O D D  V O C E  S E T S  O F  C A P A C I T A N C E .  
E X C A P E = ( 6 1 4 4 . » C E ( 1  ) - 2 7 6 4 8 . * C E ( 2 ) + 5  5 2  9 6  . * C E ( 3 ) ) / 3 3  7 9 2 .  
E X C A P O = ( e i 4 4 . * C Q (  1  ) - 2 7 6 4 e . * C C (  2 )  +  £ £ 2 9 6 . * C O { 3 ) ) / 3 3 7 9 2 .  
Z O = D S Q R T ( E F R* P I * 3 . £ 4 1 6 e D- i e / ( E X C A P E * E X C A P O ) )  
C O U ^ L = ( E X C A P O - E X C A P E  J / C E X C A P C f E X C A P E  )  
S Q T R H O = = D S Q R T C  (  1  . 0 + C O U P L ) / {  l . O - C O U P L )  )  
Z G E = Z C * S C T P H C  
Z O O = Z O / S Q T R H O  
W R I T E  ( J Q U T ,  1 0 0 3  )  E X C A P E , E X C A P Q . Z D . C O U P L  .  Z O E . Z O O  
1 0 0 3  F O R M A T  ( 1 0 X . 1 4 H E V E t  V C O E .  C E = . C 2 3 . 1 6 , 3 X . 6 H F A R A D S / 1  O X , 1 4 H 0 D D  M O D E .  
G A U S 2 4 5 0  
G A U S 2 4 6 0  
G A U S  2 4 7 0  
G A U S 2 4 8 0  
G A U S 2 4 9 0  
G A U S 2 5 0 0  
GAUS2510  
G A U S 2 5 2 0  
G A U S 2 5 3 0  
G A U S 2 5 4 0  
G A U S 2 5 5 0  
G A U S 2 5 6 0  
G A U S 2 5 7 0  
G A U S 2 5 8 0  
G A U S 2 5 9 0  
G A U S 2 6 0 0  
G A U S 2 6 1 0  
G A U S 2 6 2 0  
G A U S 2 6 3 0  
G A U S 2 6 4 0  
G A U S 2 6 5 0  
G A U S 2 6 6 0  
G A U S 2 6 7 0  
G A U S 2 6 8 0  
G A U S 2 6 9 0  
G A U S 2 7 0 0  
G A U S 2 7 1 0  
G A U S 2 7  2 0  
G A U S 2 7 3 0  
G A U S 2 7 4 0  
G A U S 2 7 5 0  
6 A U S 2 7 6 0  
G A U S 2 7 7 0  
G A U S 2 7 8 0  





* C O =  , 0 2 3 . 1 6 , 3 X , 6 H F A R A D S / 1 0 X . 5 H Z 0 = ,  1 1 / , 0 2 3 . 1 6  ,  3 X , 4 H 0 H M S / l O X  ,  
* l I H C O U F L I N G . K = , 3 X , D 2 3 . 1 6 / 1  O X , A h Z C E  =  ,  1 0 X , 0 2 3 . 1 6 , 3 X , 4 H O H M S / 1 0 X ,  
•  4 H Z O O = .  1 0 X , 0 2 3 . 1 é , 3 X , 4 H O H M £ • / • / )  
T E S T  F C R  P R E S E ^ C E  C F  M O K E  C A T  A  
I F  ( N U M - N U M D A T )  2 3 5 , 2 9 0 , 2 9 0  
2 3 5  R E A D  ( J I N . 1 0 4 5 )  k C . k  
1 0 4 9  F O R M A T  (  C 2  3  .  1 6  •  3  4 X  . 0  2 3  .  1  €  )  
W R I T E  ( J 0 U T , 1 0 5 0 )  * C , W  
1 0 5 0  F O R M A T  ( 1 0 X , 5 H W C / B = , S X , 0 2 3 . 1 6 / l C X , 4 H k / & :  
N U M = N U M + 1  
G O  T O  4 5  
2 9 0  S T O P  
E N D  
, 1 0 X  , 0 2 3 . 1 6 )  
G A U S 2 8 0 0  
G A U S 2 8 1 0  
G A U S 2 8  2 0  
G A U S 2 8 3 0  
G A U S 2 8 4 0  
G A U S 2 8  5 0  
G A U S 2 B 6 0  
G A U S  2 8  7 0  
G A U S 2 8 8 0  
G A U S 2 8 9 0  
G A U S 2 9 0 0  
G A U S 2 9 1 0  
G A U S 2 9 2 0  
G A U S 2 9 3 0  





c  S Y N W O O l O  
C  S Y N W 0 0  2 0  
C  S Y N W 0 0  3 0  
C  M A I N  F K C G R A N  S Y N *  5 Y N * 0 0 4 U  
C  S Y N W 0 0 5 0  
C  P U R P O S E  S Y N W 0 0 6 0  
C  S Y N T H E S I S  C E S I C - N  C F  C V E R L A P P E D ,  C F F S E T  C O U P L E D  S T R I P L I N E  S Y N W 0 0 7 0  
C  T R A N S M I S S I C N  L I N E S .  G I V E N »  A S  I N P U T ,  A  D E S I R E D  L I N E  C H A R -  S Y N W 0 0 8 0  
C  A C T E P I S T I C  I M P E D A N C E .  V O L T A G E  C O U P L I N G  C O E F F I C I E N T .  A N D  S Y N W 0 0 9 0  
C  S T R I P  S P A C I N G  R A T I C .  S / B .  T H I S  P R O G R A M  C A L C U L A T E S  T H E  S Y N W O l O O  
C  N E C E S S A R Y  S T R I P  W I C T F  A N C  O V E R L A P  R A T I O S .  t e / B  A N D  W C / B .  S Y N W O l l O  
C  Z E R O  T H I C K N E S S  S T R I P  C O N L U C T C R S  A R E  A S S U M E D .  S Y N W 0 1 2 0  
C  S Y N W 0  1 3 0  
C  M E T H G C  S Y N W 0 1 4 0  
C  I T E R A T I V E  E V A L L A T I C N  C F  A  G R E E N ' S  F U N C T I O N  P O T E N T I A L  S Y N W 0 1 5 0  
C  I N T E G R A L  A T  D I S C R E T E  P C I N T S  C N  T H E  C R C S S  S E C T I C N  O F  T H E  S Y N W 0 1 6 0  
C  S T R I P  C O N D U C T O R S  B Y  T H E  A P P L I C A T I O N  O F  A  G A U S S I A N  S Y N W 0 1 7 0  ^  
C  Q U A D R A T U R E  F C R N L L A .  S Y N W 0 1 8 0  t o  
C  S Y N W 0 1 9 0  ^  
C  R E F E R E N C E  S Y N W 0 2 0 0  
C  P A U L  C .  C H E S T N U T ,  « O N  D E T E R M I N I N G  T H E  C A P A C I T A N C E S  O F  S Y N W 0 2 1 0  
C  S H I E L D E D  M U L T I C O N D U C T O R  T R A N S M I S S I O N  L I N E S , '  I E E E  T R A N S -  S Y N W 0 2 2 0  
C  A C T I O N S  C N  M C R C h A V E  T H E C R Y  A N C  T E C H N I Q U E .  V O L .  M T T - 1 7 .  S Y N W 0 2 3 0  
C  N O .  I C ,  O C T O B E R  1 5 6 ?  .  P P .  7 2 4 - 7 4 5 .  S Y N W 0 2 4 0  
C  S Y N W 0 2 S 0  
C  L I S T  C F  S I G N I F I C A N T  V A R I A B L E S  S Y N W 0 2 6 0  
C  A S T R  I P  L E F T M O S T  C C C R D I N A T E  C F  S T R I P  C C N D U C T C R  S Y N W 0 2 7 0  
C  E S T P I P  R I G H T M O S T  C O O R D I N A T E  O F  S T R I P  C O N D U C T O R  S Y N W 0 2 8 0  
C  B E  M A T R I X  C O E F F I C I E N T S  C F  G A U S S I A N  Q U A D R A T U R E  S Y N W 0 2 9 0  
C  O P E R A T I O N  C N  G R E E N ' S  F U N C T I O N  I N T E G R A L  S Y N W 0 3 0 0  
C  C A  S T C R E C  V A L U E S  O F  E X C A P E  S Y N W 0 3 1 0  
C  C E  E V E N  M C D E  C A P A C I T A N C E  C F  T R A N S M I S S I O N  L I N E  S Y N W 0 3 2 0  
C  C E C  G I V E N  V A L U E  C F  E V E N  M O D E  L I N E  C A P A C I T A N C E  S Y N W 0 3 3 0  
C  C I  1  L I M I T  T E R M  S Y N W 0 3 4 0  
C  C I 2  L I M I T  T E R M  S Y N W 0 3 5 0  
c CGIVE CCNPARISCN VALUE CF EVEN MODE CAPACI TANCE (EITHER SYNW0360 
C GIVEN Cfi MCDIFIEC VALUE) SYNW0370 
C CGUPL COUPLING COEFFICIENT, K SYNW0380 
C EFR RELATIVE CIELECTPIC CONSTANT SYNW0390 
C EXCAPE EXTRAPCLATED EVEN NCOE CAPACITANCE SYNW0400 
C F CIFFERENCE BETWEEN CALCULATED & COMPARISON VALUES SYNW0410 
C OF CAPACITANCE FCR ITERATIONS ON *C SYNW0420 
C FF DIFFERENCE BETWEEN CALCULATED & COMPARISON VALUES SYNW0430 
C CF CAPACITANCE FCR ITERATIONS ON *  SYNW0440 
C GTIJl CONPCNENT CF GREEN'S FUNCTION SYNW0450 
C GTIJ2 COMPONENT OF GREEN'S FUNCTION SYNW0460 
C ICPTCN CHCICE CCCE FCR INITIAL VALUES OF *C & W SYNW0470 
C lOPTCN^l PRGGRAN SUPPLIES INITIAL VALUES OF WC & W SYNW0480 
C I0PT0N=2 USER SUPPLIES INITIAL VALUES SYNW0490 
C ITERAT TOTAL NUNBER CF ITERATIONS PERFORMED SYNW0500 
C ITERW NUMBER OF ITERATIONS PERFORMED ON In SYNW0510 
C ITERWC NUNBER CF ITERATIONS PERFORMED ON teC SYNW0520 ^ 
C ITRMAX MAXIMUM ALLC*ABLE NUMBER OF ITERATIONS SYNW0530 ^ 
C KEY CODE FOR TRACING PROGRAM PROGRESSION SYNW0540 
C MAXDAT TOTAL NUMBER CF DATA SETS TO BE PROCESSED SYNW0550 
C PI PI SYNW0560 
C S S/e RATIO, STRIP VS GROUND PLANE SEPARATIONS SYNW0570 
C T SET CF DISCRETE POINTS ON CONDUCTOR FOR GAUSSIAN SYNW0580 
C QUADRATURE SYNW0590 
C TOLl CAPACITIVE TOLERANCE SYNW0600 
C TOL2 ITERATIVE TOLERANCE 5YNW0610 
C W W/B RATIO, STRIP wIDTH VS GROUND PLANE SEPARATION SYNW0620 
C WC WC/3 RATIO, STRIP OVERLAP VS GROUND Pi_ANE SPACING SYNW0630 
C WEIGHT SET OF GAUSSIAN HEIGHTS SYNW0640 
C WEIGhN NORMALIZED SET OF GAUSSIAN WEIGHTS SYNW0650 
C X NORMALIZED SET CF GAUSSIAN ABCISSAS SYNW0660 
C ZO TRANSMISSION LINE CHARACTERISTIC IMPEDANCE SYNW0670 
C ZGE EVEN MODE IMPEDANCE SYNW0680 























I N P U T  D A T A  
C A R D  
C A R D  
C A R D  
C A R D  
C A R D  
C A R D  
C A R D  
C A R D  8  
C A R D  9  
F O R  A C  
I F  I  C P  
C A R D  .  
S E C O N C  
C O L U M N  
FCFPAT 
l O F T C N  
M A X D A T  
I T F N A X  
Z O  
C O U P L  
S  
E P R  
T C L  1  
T 0 L 2  
C I T  l O N A L  
T C N = 2 ,  T  
T H E  F  I R  
C A R C  3  
S  1 - 2 3 ;  
F C R W A T  
F O R M A T  
F C P N A T  
F O R M A T  
F O R M A T  
F C R N A T  
F O R M A T  
F C R P A T  
F C f i l t f  A  T  
D A T A  S E T  
V k C  A C C I T I  
S T  C A R D  C  
V A L U E S  C F  
2 9 - 5 1 ;  5 8  
1 1  COLUMN 1  
1 2  C O L U M N S  1 - 2  
1 2  C O L U M N S  1 - 2  
0 2 2 . 1 6  C O L U M N S  1 - 2 3  
0 2 3 . 1 6  C O L U M N S  i - 2 3  
C 2 3 . 1 6  C O L U M N S  1 - 2 3  
D 2 3 .  1 6  C O L U M N S  1 - 2 3  
C 2 3 . 1 6  C O L U M N S  1 - 2 3  
C 2 3 . 1 6  C O L U M N S  1 - 2 3  
S »  R E P E A T  C A R D S  4 - 9 .  
O N A L  C A T A  C A R D S  F O L L O W  E A C H  T 0 L 2  
C N T A I N S  3  I N I T I A L  V A L U E S  O F  t o C ,  T H E  
W .  T H E S E  V A L U E S  A R E  E N T E R E D  I N  
- 8 0  A L L  W I T H  0 2 3 . 1 6  F O R M A T .  
S U B R O U T I N E S  R E Q U I R E D  
S H E L T N .  L G E L G .  X F L U S l  
D I M E N S I O N  L L ( 3 ) , N N ( z )  
D O U B L E  P R E C I S I O N  A S T P I P i E E ( 2 4 , 2 4 ) , E M A # E P A , B S T R I P , C 2 .  C E (  3 )  
* C E G , C I  1 , C I 2 . C G I V E . C C S H M N  « C C S H P L  . C C S H T I  , C C G , C G S S P I t  C O U P L , E I , E P R ,  
» E X C A F E , F ( 5 0 ) . F F ( £ 0 ) . G { 2 4 ) , G T I J 1 , G T I J 2 , P I  , R H O  »  5 , S Q R T 2 , S Q T R H C , S U M ,  
*  S U N T . S U M T E  » T ( 2 4 )  , T I J F I , T I J P I F , T I P I , T C L 1 , T 0 L 2 , W ( 5 0  > . W C ( 5 0 ) , W C C f  3 )  
•  W W ( 3 ) , W W W , W W C , W E I G H T ( 2 4 )  , K E I G H h ( 2 2 ) , % 2 , % C 2 , W C T E S T , W T E S T , X ( 2 2  I ,  




C »  
c 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
U N I T  N U M B E R S  F F C V I C E D  H E R E  F O R  E A S Y  A L T E R A T I O N .  
J I N = 5  
J O U T = 6  
******************************************************************** 
S Y N W 0 7 1 0  
S Y N W 0 7 2 0  
S Y N W 0 7 3 0  
S Y N W 0 7 4 0  
S Y  N W 0 7 5 0  
S Y N W 0 7 6 0  
S Y N W 0 7 7 0  
S Y N t t 0 7 a 0  
S Y N W 0 7 9 0  
S Y N W 0 8 0 0  
S Y N W 0 8 1 0  
S Y N W 0 3 2 0  
S Y N W 0 8 3 0  
S Y N W 0 8 4 0  
S Y N W 0 8 5 0  
S Y N W 0 8 6 0  
S Y N W 0 3 7 0  
SYNwoaao 
S Y  N W 0 8 9 0  
. . S Y N W 0 9 0 0  
S Y N W 0 9 1 0  
S Y  N W 0 9 2 0  
,  S Y N W 0 9 3 0  
S Y N W 0 9 4 0  
S Y N W 0 9 5 0  
,  S Y N W 0 9 6 0  
S V N W 0 9 7 0  
S Y N W 0 9 8 0  
S Y N W 0 9 9 0  
* * S Y N W 1 0 0 0  
S Y N W I O I O  
S Y N W 1 0 2 0  
S Y  N W 1 0  3 0  
* * S Y N W 1 0 4 0  









I N I T I A L I Z A T I C k  
P1=3.141592652529793 
I T E R A T = 0  
I  T E R  1  
I T E R W C = 1  
K E Y - 1  
N U M D A T = 1  
L 1 _ ( 1 ) = 0  
L L ( 2 ) = 4  
L L ( 3 ) = 1 0  
S Q R T 2 = D S Q R T ( 2 . O D + O C )  
R E A D  ( J I N ,  1 1 0 0 1  I Q P T C N . M A X D A T . I T R M A X  
1 1 0 0  F O R M A T  ( I 1 / I 2 / I 2 )  
1 0  R E A D  ( J I N ,  1 2 0 0 )  Z C , C C O F L . £  . E P R , T C L 1 , T 0 L 2  
1 2 0 0  F O R M A T  ( 5 ( C 2 2 . 1 6 / ) , 0 2 2 . 1 6 )  
C O M P U T E  E V E N  A N D  C D C  N O D E  I V P E C A N C E S  A N D  C A P A C I T A N C E S  
G I V E N  D A T A .  
R H O = (  l . C + C C U P D / d . C - C C t P L )  
S G T R H C = D S C P T  ( R l - O  >  
Z C E = Z C * S C T P H C  
Z O O = Z O / S Q T R H C  
C 2 = D S Q R T ( E F R * a . 8 5 4 Z C - 1 2 * P I 4 4 . C D - C 7 )  
C E G = C 2 / Z C E  
C O G = C 2 / Z O G  
W R I T E  ( J O U T . I B O O )  Z O , Z O E , C C U P L , Z C O , S . C E G , E P R , C O G  
1 3 0 0  F O R M A T  ( I H 1 , 1 0 X , 1 6 H G I V E N  F A R A M E T E R S , 3 4 X , 1 8 H I M P L I  E D  P A R A M  
F R O M  
• 1 0 X , 2 1 H L I N E  I M P E D A N C E  
* O 2 3 . 1 6 / ' l 0 X  , 2  1  H C C U F L I N G  
* 2 2 H O D D  M O D E  I M P E D A N C E  
* 0 2 3  . l t > , 6 X ,  2 2 H E V E N  M O D E  
* R I C  = , D 2 3 .  1 6 . 6 X , 2 2 I - C C C  
E T E R S / /  
M C O E  I M P E D A N C E  =  , D 2 3 . i e , e X  , 2 2 H E V E N  
C C E F F  I C  I E N T = , D 2 3 . 1 6  * 6 X ,  
=  , 0 2 3 . 1 6 / 1  O X , 2 I H S / B  R A T I O  
C A P A C I T A N C E  =  , D 2 c .  1 6 / l O X • 2  I H R E L A T I  
M C D E  C A P A C I T A N C E  = , 0 2 3 . 1 6 )  
V E  
S Y N W 1 0 6 0  
S Y N W 1 0 7 0  
S Y  N W 1 0 8 0  
S Y N W 1 0 9 0  
S Y N W 1  1 0 0  
S Y N W l l 1 0  
S Y N W 1 1 2 0  
S Y N W 1 1 3 0  
S Y N W l 1 4 0  
S Y N W l 1 5 0  
S Y  N W 1 1 6 0  
S Y N W l 1 7 0  
S Y N W  1  1 3 0  
S Y N W l 1 9 0  
S Y N W 1 2 0 0  
S Y N W  1 2 & 0  
S Y N W l  2 2 0  
S Y N W 1 2 3 0  
S Y N W  1 2 4 0  
S Y N W 1 2 5 0  
S Y N W 1 2 6 0  
S Y N W 1 2 7 0  
S Y N W 1 2 8 0  
S Y N W 1 2 9 0  
S Y N W 1 3 0 0  
S Y N W 1 3 1 0  
S Y N W 1 3 2 0  
S Y N W  1 3 3 0  
S Y N W 1 3 4 0  
S Y N W  1 3 5 0  
S Y N W  1 3 6 0  
S Y N W 1 3 7 0  
= ,  S Y N W 1 3 8 0  
O I E L E C T S Y N W 1 3 9 0  





W R I T E  ( J O U T , 1 3 0 1 )  T O L l . T O L Z  
1 3 0 1  F O R M A T  (  1 0  X  ,  2  1  H  C  A P  A C  I T  I V  E  T C L  E F A N C  E =  ,  D 2 3  .  1 6 / 1 0  X »  
* 2 1 H I T E R A T I V E  T O L E R A N C E  =  , D 2 3 . 1 6 / / 1 C X  ,  
• 4 1 H C C M M E N T  O N  I N I T I A L  V A L U E S  F O R  I T E R A T I O N : )  
I F  C S - 1 . 0 0 )  1 9 . 1 9 . 1 8  
1 8  S = 1 . 0 / S  
1 9  I F  ( l O F T C N - l )  2 0 , 2 0 . 2 2  
I O P T O N =  1  I M P L I E S  T H A T  S C ' B R O L T I N E  S H E L T N  S U P P L I E S  I  N I T  
F C R  B E G I N M N G  I T E F A T I C N .  
2 0  C A L L  S H E L T N  (  K H O  ,  S Q T R H O  .  Z O  ,  S  .  E P R  .  V k  \ * C  .  W  V k h  ,  J O  L  T  )  
*W(l)=h*k 
W W ( 2 ) = W * W * 1 . C 2  
W W ( 3  )  =  W W W * 0  . 9 7  
WCC<2)=kkC 
W C C (  1  )  =  W W C  * 1 . 0 2  
W C C (  3  )  = * W C » 0 . 9 7  








2 2  R E A D  ( J I N ,  1 3 0 3 )  W C C  (  1  )  .  W  C C  (  2  )  .  t o C C  <  2  )  .  W  W (  1  )  .  W  W (  2 )  .  W  W (  3  )  
1 3 0 3  F O R M A T  < 0 2 3 . 1 6  . 5 X . D 2 3 . 1 6  , 6 X  . D 2 3 . 1 6 / D 2 3 - 1 6 . 5 X . D 2 3  . i 6 , 6 X . D  
W R I T E  ( J O U T  .  1 2 0 4  )  
1 3 0 4  F O R M A T  { 1 5 X  ,  5 5 H E M T  I  A L  V A L U E S  S U P P L I E D  B Y  U S E R  ( 3  W / B ' S  
* 3  •  S )  )  
2 3  S = 2 . 0 * S  
C G I V E = C E G  
W R I T E  (  J O U T  . 1 0 0 1  )  
1 0 0 1  F O R M A T  { / / I X , 9 1 - I T E R A T  I O N .  1 £ X .  4 H W C / B ,  2 4 X ,  2 H I * / B  .  1 7 X .  3 H K E Y )  
G A U S S I A N  Q U A D R A T U R E  N C R W A L I Z E C  A B S C I S S A S  A N D  W E I G H T S ,  
NN(1)=8 
S Y N W 1 4 1 0  
S Y N W 1 4 2 0  
S Y N W 1 4 3 0  
S Y N W 1 4 4 0  
S Y N W 1 4 5 0  
S Y  N W 1 4 6 0  
S Y N W 1 4 7 0  
S Y N W 1 4 8 0  
l A L  V A L U E S S Y N W 1 4 9 0  
S Y N W l 5 0 0  
S Y N W  1 5 1 0  
S Y N W 1 5 2 0  
S Y N W 1 5 3 0  
S Y  N W 1 5 4 0  
S Y N W 1 5 5 0  
S Y N W 1 5 6 0  
S Y  N W 1 5 7 0  
S Y N W 1 5 8 0  
S Y N W 1 5 9 0  
S Y N W 1 6 0 0  
S Y N W 1 6 1 0  
S Y N W 1 6 2 0  
S Y N W 1 6 3 0  
S Y N W 1 6 4 0  
S Y N W 1 6 5 0  
A N D  3  W C / S Y N W 1 6 6 0  
S Y N W  1 6 7 0  
S Y N W 1 6 8 0  
S Y N W 1 6 9 0  
S Y N W  1 7 0 0  
S Y N W l 7 1 0  
S Y N W 1 7 2 0  
S Y N W 1 7 3 0  
S Y N W l 7 4 0  
S Y N W l 7 5 0  
2 3  . 1 6  )  
N = 8  
ui 
X (  l ) = 0 . i e 2 4 3 4 e 4 2 4 g 5 6 5 D + O C  
X ( 2 ) = 0  , 5  2 5 5 3 2 4 0 9 9 1 6 2 2 9 C  +  C 0  
X { 2 J = C , 7 9 e € e C 4 7 7 4 1 3 6 2  7 C + 0 C  
X ( 4 )  =  0  . 9 € 0  2 6 9 £ £ 6  4 9 7 £ 3 6 0  + C O  
k E I G H h ( l > = 0 . 3 6 2 6 6 3  7 8 3 3  7 8 3 6 2 0 + 0 0  
H i E  I G H N (  2  )  =  C .  3 1  3 7 C 6 6 4 5 6 7 7 8 8  7 D  +  0 C  
W E  I G H N ( 3 )  = 0 . 2 2 2 3 8 1 0 3 4 4 5 2 3 7 4 0 + 0  0  
V » E  I G H N { 4 ) = 0 .  1 0 1 2 2 8 5 3 6 2 9 0 3 7 6 0 + 0 0  
G A U S S I A N  G U A D R A T U R E  N C R N A L I Z E C  A B S C I S S A S  A N D  H E I G H T S .  N = 1 2  
N N ( 2 )  =  1 2  
X ( 5 ) = 0 . 1 2 5 2 2 3 4 0  8 5 1 1 4 6 9 C + 0 0  
X (  6 ) = 0 . 3  6 7 e 3 1 4 9 S 9 9 e i 8 C C + 0 C  
X (  7 > = 0 . 5 8 7 2  1 7 9 £ 4 2 6 6 6  1 7 0 + 0 0  
X ( 8 ) = 0 . 7 6 9 9 0 2 6 7 4 1 9 4 3 0 5 C + 0  0  
X ( 9 ) = 0 . 9 0 4 1 1 7 2 5 6 3 7 C 4 7 5 C + O C  
X (  1 0  ) = 0 . 9  8  1 5 6 0 6 2 4 2 4 6 7 1 9 D + G C  
> * E I G h N ( 5 ) = 0 . 2 4  9 1  4  7  0 4 5 6  1 3 4 0  2 D + 0  0  
* E I G H N C  e >  =  C . 2 3 2 4 Ç 2 5 2 6 S 3 8  3 5 £ D  +  0 C  
W E  I 6 I - N ( 7  ) = 0  . 2 0 3 1 6 7 4 2 6 7 2 3 0 6 6 0 + 0 0  
I G H N C  8 ) = 0 . 1 6 0 0  7 8 3 2 8 5 4 3 3 4  6 0 + 0  0  
W E  I G H N ( 9  )  =  0 .  1 0 6 9 2 9 2  2  5  9 9 5 2  1 6 0  +  0 C  
W E  I G H N C 1 0 ) = C  . 0  4 7  1 7  5 3 3 6 3  8 6 5 1 2 C  +  0 0  
G A U S S I A N  Q U A D R A T U R E  N O R M A L I Z E D  A B S C I S S A S  A N D  H E I G H T S .  N = 2 4  
N N C  2 )  =  2 4  
X ( l l ) = . 0 6 4 C S 6 8 G 2 e 6 2 6 0 5 6 D + C C  
X C 1 2 ) = . 1 9 1 1 1 8 8 6 7 4 7 3 6 1 6 3 C + 0  0  
X <  1 2 )  =  . 3  1 5 0 4 2 6 7 9 6 9 0 1 6 3 4 0 + 0 0  
X C 1 4  ) =  , 4 2 3 7 9 2 5 0 7 6 2 6 0 4 5 1 0 + 0 0  
X < 1 5 )  =  .  5 4 5 4 2 1 4 7 1 3 8 6 8 3 9 5 0 + 0  0  
X C 1 6 ) = . 6 4 6 0 9 2 6 5 1 9 2 6 9 7 E 6 0 + C C  
X C  1 7  ) =  . 7 4 0  1 2 4 1 9 1 5 7 6 5 5 4 4 0  +  0 0  
S Y N W l 7 6 0  
S Y N W l 7 7 0  
S Y N W 1 7 8 0  
S Y N W 1 7 9 0  
S Y N W 1 8 0 0  
S Y N W 1 8 1 0  
S Y N W 1 8 2 0  
S Y N W  1 8 3 0  
S Y N W 1 8 4 0  
S Y N W 1 8 5 0  
S Y N W 1 8 6 0  
S Y N W 1 8 7 0  
S Y N W 1 8 8 0  
S Y N W 1 8 9 0  
S Y  N W 1 9 0 0  
S Y N W 1 9 1 0  
S Y N W 1 9 2 0  
S Y N W 1 9 3 0  
S Y N W 1 9 4 0  
S Y N W  1 9 5 0  
S Y N W 1 9 6 0  
S Y N W  1 9 7 0  
S Y N W l 9 8 0  
S Y N W 1 9 9 0  
S Y N W 2 0 0 0  
S Y  N W 2 0  1 0  
S Y N W 2 0 2 0  
S Y N W 2 0 3 0  
S Y  N W 2 0 4 0  
S Y N W 2 0 5 0  
S Y N W 2 0 6 0  
S Y N W 2 0 7 0  
S Y N W 2 0 8 0  
S Y  N W 2 0 9 0  
S Y N W 2 1 0 0  
X (  i e ) = . e Z 0 C C l S E 5 Ç 7 2 9 0 2 9 D + 0 0  
X ( 1 9 ) = . 8 8 6 4 1 5 5 2 7 0 0 4 4 0 l O D + O C  
X (  2 0  )  =  . 9 3 8 2 7 4 5 5 2 0 0  2 7 3 2  g D  +  O C  
X (  2 1  ) = . 9 7 4 7 2 6 5 5 5 9 7  1 3 C Ç 5 D + C C  
X ( 2 2  ) =  . 9 9 5 1 8 7 2  1 9 9 9 7 0 2 1 4 D + 0 C  
W E  I G H N t  1 1 ) = . 1 2 7 Ç 3 e 1 9 5 3 4 6 7 5 2 2 C + 0 0  
W E I G H N C 1 2 ) = .  1 2 £ € 3 7 4 5 6 3 4 6 £ 2 6 3 0 + C O  
k E I G H h ( l  3 )  =  . 121 6 7 0 4 7 2 9 2 7 8 0 3 4  C  +  0 0  
W E I G H N l 1 4 ) = .  1 1 5 5 C 5 6 e e C 5 5 7 2  5 6 D + C 0  
W E I G H N (  1 5 ) = . 1 0 7 4 4 4 2 7 0  1  1 5 9 6  5 6 0 +  C O  
H E  I G h N C l 6  >  =  . 0 9  7 6 1 6 6 5 2 1 0 4  1 1 3 9 C + 0 0  
W E I G H N (  l 7 )  =  . C e e i 9 C  l e  1 5  3  1 9 5 3 3 D + C O  
W E  I G h N ( 1 8  ) =  . 0 7 3 3 4 6 4 8 1 4  1  1 0 8 0 3 D + C O  
é E  I G H N <  1 9 ) = . 0  5 9  2 9 g £  6 4  9  1 5 4 3  6 8  0 + 0 0  
W E  I G H N <  2 0  ) = . 0 4 4 2 7 7 4 3 8 8 1 7 4 1 9 8 0 +  C O  
W E I G H N ( 2 1  )  =  .  0 2 8 5 3 1 3 8 8 6 2 8 9 3 3 7 C  +  O O  
W E I G H N <  2 2 )  =  . C 1 2 3  4 1 2 2  9 7  9 9 9 8  7 2 0  +  0 0  
C 
4 5  W C ( I T E f i W C ) = 2 . 0 * H C C ( I T E F W C )  
4 7  W (  I T E R W  ) = 2  . C = » t t i l * C  I T E R  1 »  )  
4 6  8 S T R I P = 0 . 5 * W C ( I T E R h C )  
I T E R A T = I T E R A T + 1  
I F  (  I T E R A T - I T R M A X )  4 0 .  4 0 .  2 8 0  
4 0  A S T R  I P  =  - W (  I T E R W )  + e S T P  I  P  
6 M A = 0 . 5 * ( B £ T R I P - A £ T R I F )  
B P A = 0  . 5 » (  e S T R  I P +  A S T R  I P  )  
C C S S P I = D C C S { 0 . 5 * £ * F I )  
C  
C  B E G I N  M A I N  L O O P  
C  
C  C A L C U L A T E  T R A h ^ S P I S S I O N  L I K E  E V E N  P O C E  
C VALUES CF N. (N=e,12,24) 
49 
DO 230 M=l,3 
N= N N ( M ) 
S Y N W 2 1  1 0  
S Y N W 2 1 2 0  
S Y N W 2 1 3 0  
S Y N W 2 1 4 0  
S Y N W 2 1 5 0  
S Y N W 2 1 6 0  
S Y N W 2 1 7 0  
S Y N W 2 1 8 0  
S Y N W 2 1 9 0  
S Y N W 2 2 0 0  
S Y N W 2 2 1 0  
S Y  N W 2 2 2 0  
S Y N W 2 2 3 0  
S Y N W 2 2 4 0  
S Y N W 2 2 5 0  
S Y N W 2 2 6 0  
S Y N W 2 2 7 0  ^  
S Y N W 2 2 8 0  t o  
S Y N W 2 2 9 0  ^  
S Y N W 2 3 0 0  
S Y N W 2 3 1 0  
S Y N W 2 3 2 0  
S Y  N W 2 3 3 0  
S Y N W 2 3 4 0  
S Y N W 2 3 5 0  
S Y N W 2 3 6 0  
S Y N W 2 3 7 0  
S Y N W 2 3 8 0  
S Y N W 2 3 9 0  
S Y N W 2 4 0 0  
C A P A C I T A N C E  F O R  T H R E E  S Y N W 2 4 1 0  
S Y N W 2 4 2 0  
S Y N W 2 4 3 0  
S Y N W  2 4 4 0  














N 2 = N / 2  
C O M P L T E  N C N - N C R M A L I Z E D  G A U S S I A N  W E I G H T S  A N D  A B S C I S S A S .  
1 4 0  D C  1 4 5  1 = 1  , N 2  
I  X = L + N  2+ 1 - 1  
I W = N + 1 - I  
I N 2 = N 2 + I  
I L = L + I  
T C I >  =  - E M A * X (  I X )  +  E P A  
T (  I N 2 )  = B M A * X (  I D + E F A  
W E I G H T *  I W  ) = B N A * W E I G H N ( I X )  
1 4 5  W E I G H T  ( I  ) = l f c E I G » - T <  I W  )  
B E G I N  C O M P U T A T I O N  C F  C O E F F I C I E N T  M A T R I X .  B E .  
D O  2 1 2  1 = 1 , N  
1 5 1  G C D ^ l . O  
T I P I = T  C I ) * F I  
C O S H T I - 0 . £ * ( D E > P C  T I P I ) + D E X P t - T I P I )  )  
B E G I N  C C W F U T A T I C N  C F  M A T R I X  C N - C I A G C N A L  T E R M S  
C C  2 1 1  J = 1  , N  
I F  <  I - J )  2 0 0 , 1 7 5  , 2 0 0  
1 7 5  C I  1 =  t D L O G t  S O R T  2 « S Q R T 2 * S Q R T 2 * O S Q R  T t  1 . + C O S S P I ) / P I J ) / ( 2 . # P I )  
C I  2 - ( C L C G t  ( C C S F T I + 1 . 0 ) / ( C O S H T I - C C S S P ! ) ) ) / ( 4 . 0 * P I )  
E I - - h t I T E R W ) + ( T { I ) - A S T R I F ) * D L O C ( T t I ) - A S T R I P ) +  
*  ( E S T R I P - T t  I )  ) * C L O G ( B £ T R I P - T <  I )  )  
S U V T = 0 . 0  
B E G I N  C O M P U T A T I O N  O F  I N N E R  S U M  W I T H I N  M A T R I X  D I A G O N A L  T E R M S .  
D O  1 9 2  K = 1 , N  
S Y N W 2 4 6 0  
S Y  N W 2 4 7 0  
S Y N W 2 4 8 0  
S Y N W 2 4 9 0  
S Y N W 2 5 0 0  
S Y N W 2 5 1 0  
S Y N W  2 5 2 0  
S Y N W 2 5 3 0  
S Y N W 2 5 4 0  
S Y  N W 2 5 5 0  
S Y N W 2 5 6 0  
S Y N W 2 5 7 0  
S Y  N W 2 5 8 0  
S Y N W 2 5 9 0  
S Y N W 2 6 0 0  
S Y N W  2 6 1 0  
S Y N W 2 6 2 0  
S Y N W 2 6 3 0  
S Y N W 2 6 4 0  
S Y N W 2 6 5 0  
S Y N W 2 6 6 0  
S Y N W 2 6 7 0  
S Y N W 2 6 e O  
S Y N W 2 Ô 9 0  
S Y N W 2 7 0 0  
S Y N W 2 7 1 0  
S Y N W  2 7  2 0  
S Y N W 2 7 3 0  
S Y N W  2 7 4 0  
S Y N W 2 7 5 0  
S Y N W 2 7 6 0  
S Y N W 2 7 7 0  
S Y N W 2 7 8 0  
S Y N W  2 7 9 0  
S Y N W  2 8  0 0  
w 
1 6 5  
1 9 0  
1 9 1  
1 9 2  
200 
2 1  1  
212 
2 1 4  
3 0  5  
2 1 3  
I F  ( I - K )  1 9 0 . 1 8 5 . 1 9 0  
G O  T O  1 9  2  
S U M = W E  I G H T ( K  ) * C L O G ( D A B S ( T (  I  ) - T ( K  )  ) )  
SLVT=SLMT+SLW 
C O N T I N U E  
B E  ( I  , I )  =  « E I G H T  ( I ) * ( C H - f C I 2  ) +  C  .  5  * S U M T / P  I - E  I  * 0  .  S / P  I  
G O  T C  2 1 1  
T  I J P I  =  0 . 5 * P I * (  T (  I ) - T (  J  )  )  
C C S H V N  =  0  . 5 * ( C E X F ( T I J F I  ) 4 C E X P  ( - T  U P  I  ) )  
T I J P I P  =  C . 5 * P I * ( T ( I )  +  1 ( J ) )  
C O S H P L = 0  . 5 * ( C £ X P ( T  I J P I P ) + D E X P ( - T I J P I P )  }  
C O M P U T E  G R E E N ' S  F U N C T I O N  F C R  U S E  I N  C F F - D I A G O N A L  T E R M S .  
G T I J  1 = D L C G (  ( C G S H V N - 1 . 0 )  /  ( C C S h M N + C C S S P I  ) )  
G T I J 2 = D L O G (  « C O S H P L - C C S S P  I  )  • ( C O S H P L + 1 . 0 ) )  
B E ( I  .  J ) = W E I G H T ( J ) * ( G T I J 1 4 G T I J 2 ) * ( - 0 . 2 5 / P I )  
C O N T I N U E  
C G N T I N U E  
C A L L  S U B R O U T I N E  L G E L G  T C  S C L V E  N A T R I X  E Q U A T I O N  F O R  C H A R G E  
D I S T I E U T I O N  O N  I N N E R  C O N D U C T O R S  
C A L L  U G E L G  ( G  ,  B E  .  N  .  2 4 , 1  ,  C . 0 C 1  . I E R )  
I F  < 1 E R )  2  1 4 , 2  1 2 , 2  1 4  
W R I T E  ( J C L T , 1 3 0 5 )  l E F  
F O R M A T  (  3 9 H  S U B R O U T I N E  L G E L G  E A R N I N G  
S U M T E = 0 . 0  
M E S S A G E ,  I E R = r I 3 )  
S U M ,  I N  Q U A D R A T U R E .  T H E  
D E T E R M I N E  T H E  R E S U L T I N G  
D O  2 1 5  1 = 1 , N  
S U P = * E I G H T ( I ) * G ( I )  
S U M T E = S U W T E + S U P  
C H A R G E  A T  N  D I S C R E T E  P O I N T S ,  
C A P A C I T A N C E  .  
T (  I  ) ,  A N D  
S Y N W 2 8 1 0  
SY NW28 20 
S Y N W 2 8 3 0  
S Y N W 2 8 4 0  
S  Y  N W 2 8 5 0  
S Y M K 2 8 6 0  
S Y N W 2 8  7 0  
S Y N W 2 8 8 0  
S Y N W 2 8 9 0  
S Y N W 2 9 0 0  
5 Y N W 2 9 1 0  
S Y N W  2 9  2 0  
S Y  N W 2 9 3 0  
S Y N W 2 9 4 0  
S Y N W 2 9 5 0  
S Y N W 2 9 6 0  
S Y N W 2 9 7 0  
S V N W 2 9 8 0  
S Y N W 2 9 9 0  
S Y N W 3 0 0 0  
S Y N W 3 0 1 0  
S Y N W 3 0 2 0  
S Y N W 3 0 3 0  
S Y N W 3 0 4 0  
S Y N W 3 0 5 0  
S Y N W 3 0 6 0  
S Y N W 3 0 7 0  
S Y N W 3 0 8 0  
S Y N W 3 0 9 0  
S Y N W 3 1 0 0  
S Y N W 3 1 1 0  
S V N W 3 1 2 0  
S Y  N W 3 1 3 0  
S Y N W 3 1 4 0  
















2 1 5  C C N T I M - E  
C E ( M ) = E P R * e . 8 5 4 2 D - 1 2 * S L N T E  
2 3 0  C O N T I N U E  
E X T R A P O L A T E  T h E  T H R E E  V A L U E S  C F  C A P A C I T A N C E  A C C O R D I N G  T C  T H E  
M E T H O C  S U G G E S T E D  E Y  K A M W L E R  I N  O R D E R  T O  A C C E L E R A T E  C O N V E R G E N C E  
E X C A P E = ( e i 4 4 . * C E ( l ) - 2 7 é 4 e . • C E < 2 > + 5  5 2  9 6 . * C E ( 3 ) ) / 3 3 7 9 2 .  
C O N T I N U E  
b 2 = 0 . E * * ( I T E P b )  
W C 2 = 0 . 5 * W C ( I T E R t C )  
W R I T E  ( J 0 U T » i 0 0 3 J  I T E R A T , W C 2 , * 2 , K E Y  
L C 0 3  F O R M A T  ( 4 X  ,  I 2  , 4 X  , 2 < 5 X  , 0 2 3 . 1 6 )  , 6 X  ,  I  3 / )  
B E G I N  I M P L E M E N T A T I O N  C F  I T E P A T I C N  F U N C T I O N ,  A P P L Y I N G  F I R S T  T O  
* C / B .  
K E Y = 1  I M P L I E S  I N I T I A L  I T E R A T I O N  S E Q U E N C E  O N  W C / B .  
I F  ( K E Y - 1 )  2 3 5 , 2 3 5 , 2 4 7  
2 3 5  I F  f I T E P k C - 3 )  2 3 6 , 2 3 7 , 2 3 7  
2 3 6  F t  I T E R V k C ) = C G I  V E - E X C A F E  
I T E R W C = I T E R W C + 1  
G C  T C  4 5  
2 3 7  F (  I T E R t t C  )  =  C G I V E - E X C A P E  
W C T E S T = t C (  I T E R V d C )  
I F  ( O A B S ( F ( I T E R W C ) ) / C G I V E - T C L l )  2 4 7 , 2 4 1 , 2 4 1  
2 4 1  W C (  I T E R W C + 1 )  =  X P L U S  1 ( W C ( I T E R W C )  , W C ( I T E R  t o C - l ) • W C ( I T E R W C - 2 )  ,  
* F ( I T E R W C )  , F ( I T E R w C - 1 ) , F (  I T E R W  C - 2  )  )  
I T E R W C - I T E R W C + l  
G O  T O  4 6  
K E Y = 2  I M P L I E S  I N I T I A L  I T E R A T I O N  S E Q U E N C E  C N  W / B .  
2 4  7  I F  ( K E Y - 2 )  2 4 8 , 2 4 9 , 2 5 6  
S Y N W 3 1 6 0  
S Y N W 3 1 7 0  
S Y N W 3 1 8 0  
S Y N W 3 1 9 0  
S Y N W 3 2 0 0  
S Y N W 3 2 1 0  
S Y N W 3 2 2 0  
S Y N W 3 2 3 0  
S Y N W 3 2 4 0  
S Y N W 3 2 5 0  
S Y N W 3 2 6 0  
S Y N W 3 2 7 0  
S Y N W 3 2 8 0  
S Y  N W 3 2 9 0  
S Y N W 3 3 0 0  
S Y N W 3 3 1 0  
S Y  N W 3 3  2 0  
S Y N W 3 3 3 0  
S Y N W 3 3 4 0  
S Y N W 3 3 5 0  
S Y N W 3 3 6 0  
S Y N W 3 3 7 0  
S Y N W 3 3 8 0  
S Y N W 3 3 9 0  
S Y N W 3 4 0 0  
S Y N W 3 4  1 0  
S Y N W 3 4  2 0  
S Y N W 3 4  3 0  
S Y N W 3 4 4 0  
S Y N W 3 4 5 0  
S Y N W 3 4 6 0  
S Y N W 3 4 7 0  
S Y N W 3 4 8 0  
S Y N W 3 4 9 0  





2 4 9  
2 5 0  
2 5 1  
2 5 2  
2 5 5  
2 5 e  
2 5 8  
260 
2 6  5  
266 




K E Y = 2  
I T t o C T = I T E R h C  
I F  ( I T E R W - 2 )  2 5 0 , 2 5 1 , 2 5 1  
F F  (  I T E P W ) =  C G  I V  E - E X C A P E  
I  T E R h  =  I  T E R V ( + 1  
G O  T O  4  7  
F F  (  I T E f i t *  ) = C C 1 V E - E X C A P E  
I F  C D A E S ( F F (  I T E R k )  ) / C G I V E - T C L l  ) 2 5 5  , 2 5 2 , 2 5 2  
W (  I T E R h + 1  ) = X P L U £ 1 (  I T E R  h )  , W (  I  T E R k - 1 )  ,  ( * <  I T E R & - 2 )  , F F (  I T E R k )  .  
F F d T E F V k - l  }  , F F (  I T E P W - 2  > )  
I  T E R  » = I  T E R  k + 1  
G O  T O  4 6  
K E Y = K E Y + 1  
I T E R A T I N G  O N  W C / 8  ( K E Y = 3 , £ . 7 , . . . . )  
I F  ( ( K E Y / 2 ) * 2 - K E Y )  2 £ e , 2 7 C , 2 7 C  
I F  (  I T E R t t C - I T W C T - 2  )  2 6 0 , 2 6 5 , 2 6 5  
h T E S T = k ( I T E K % )  
I T * T = I T E R *  
F ( I T E F i l « C ) = C C I V E - E X C A P E  
« C  {  I  T V k C T + 1  )  =  k C T E S T * l  . 0 3 0  C O  0  
W C ( I T W C T + 2 ) = k C T E S T * C . S 7 D C C  
I T E R W C = I T E P t a C + 1  
G O  T O  4 6  
F (  I T E R W C ) = C G I V E - E X C A P £  
I F  ( O A E S ( F ( I T E R W C ) ) / C G I V E - T G L l > 2  6 6 , 2 6 7 , 2 6  7  
I F  ( D A 8 S ( ( k C 1 5 S T - k C ( I T E R h C ) ) / k C T E S T ) - T C L 2 )  2 9 5 , 2 5 5 . 2 5 5  
W C (  I T E R W C +  1  )  =  X P L U S  H  W C <  I  T E R J h C )  ,  W C (  I T E R  k C - l ) , * C ( I  T E R W C - 2 )  ,  
' F C I T E R h C ) , F ( I T E P h C - l ) . F ( I T E R W C - 2 ) )  
I T E R W C = I T E R * C + 1  
G C  T C  4 6  
I T E R A T I N G  C N  1 * / B  ( K E Y  =  4 , 6 . 8 , . . . )  
S Y N W 3 5 1 0  
S Y N W 3 5 2 0  
S Y N W 5 5 3 0  
S Y N W 3 5 4 0  
S Y N W 3 5 5 0  
S Y N W 3 5 6 0  
S Y N W 3 5 7 0  
S Y N W 3 5 8 0  
S Y K W 3 5  9 0  
S Y N W 3 6 0 0  
S Y N W 3 6 1 0  
S Y N W 3 6 2 0  
S Y N W 3 6 3 0  
S Y N * 3 6 4 0  
S  Y  N W 3 6  5 0  
S Y N W 3 6 6 0  
S Y N W 3 6 7 0  
S Y N W 3 6 8 0  
S Y N W 3 6 9 0  
S Y N W 3 7 0 0  
S Y N W 3 7 1 0  
S Y N W 3 7 2 0  
S Y N W 3 7 3 0  
S Y N W 3 7 4 0  
S Y N W 3 7 5 0  
S Y N W 3 7 6 0  
S V N W 3 7 7 0  
S Y N t f 3 7 8 0  
S Y N W 3 7 9 0  
S Y N W 3 8 0 0  
S Y N W 3 8  1 0  
S Y N W 3 8 2 0  
S Y N W 3 8 3 0  
S Y N W 3 8 4 0  
S Y N W 3 8 5 0  
2 7 0  I F  (  I T E R t H - I T h T - 2 )  2 7 1 , 2 7 5 , 2 7 5  
2 7  1  « C T s f 5 T  =  W C {  I T E R « C  )  
I T t e C T = I T E R W C  
F F ( I T E R t e ) = C G I V E / E X C A P E  
W (  I T W T  +  l ) = k T E S T * 1 . G 2 C C C  
I T h T + 2 ) - k T E S T * C . S 7 C 0 0  
I T E R W =  I T E R  H  +  1  
G C  T O  4 6  
2 7 5  F F ( I T E R k ) = C G I V E - E X C A F E  
I F  < D A e S ( F F { I T E R * ) ) / C G I V E - T 0 L l ) 2 7 e . 2 7 7 . 2 7 7  
2 7 6  I F  ( D A B S ( k T E S T - W ( I T E F * ) ) / W T E S T - T 0 L 2 )  2 9 5 . 2 5 5 , 2 5 5  
2 7 7  t t (  I  T E R  1 )  = X P L L S  1  (  V >  (  I  T E P I n )  , W C  I  T E R t e - 1  )  ,  1 * (  I T E R W - 2  )  . F F C  I T E R W  )  
* F F  C I T E R W - 1  )  ,  F F (  I T E R » - 2  )  )  
I T E R * = I T E R k + 1  
G O  T O  4 6  
2 8 0  W R I T E  ( J O U T , 1 4 0 1 )  
1 4 0 1  F 0 R M A T ( 5 e H  * * * * *  F A I L U R E  T C  C C ^ V E R G E  I N  M A X I M U M  N U M B E R  O F  
* N S )  
2 9 5  
1 4 0  2  
G C  T C  2 9 8  
W R I T E  ( J O L T , 1 4 0 2 )  







T E S T  F O R  P R E S E N C E  C F  W C P E  C A T A .  
2 9 8  
2 9 9  
300 
I F  ( N L M D A T - K A X C A T )  
N U M O A T = N U M D A T + 1  
R E - I N I T I A L I Z E  
I T E R A T = 0  
KEY=1 
I T  E R  W =  1  
I T E R k C = l  
G O  T O  1 0  
S T O P  
2 9 9 , 3 0 0 . 3 0 0  
S Y N W  3 8 6 0  
S Y  N W 3 8 7 0  
S Y N W 3 8 8 0  
S Y N W 3 8 9 0  
S Y N W 3 9 0 0  
S Y N W 3 9 1 0  
S Y  N W 3 9 2 0  
S Y N W 3 9 3 0  
S Y N W 3 9 4 0  
S Y N W  3 9  5 0  
S Y N W 3 9 6 0  
•  S Y N W 2 9 7 0  
S Y N W 3 9 8 0  
S Y N W 3 9 9 0  
S Y N W 4 0 0 0  
S Y N W 4 0 1 0  
I T E R A T  1 0  S Y N W 4 0  2 0  
S Y N W 4 0  3 0  
S Y N W 4 0 4 0  
S Y N W 4 0 5 0  
S Y  N W 4 0  6 0  
S Y N W 4 0 7 0  
S Y N W 4 0  8 0  
S Y  N W 4 0 9 0  
S Y N W 4 1 0 0  
S Y N W 4 1  1 0  
S Y N W 4 1 2 0  
S Y N W 4 1 3 0  
S Y N W 4 1 4 0  
S Y N W 4 1 5 0  
S Y N W 4 1 6 0  
S Y N W 4 1 7 0  
S Y N W 4 1 6 0  
S Y N W 4 1 9 0  
S Y N W 4 2 0 0  
w  
00 




































S C B R O U T I N E  L I G E L G  
P U R P C S E  
TC SOLVE A GENERAL SYSTEM OF SIMULTANEOUS L INEAR EQUATIONS.  
USAGE 
CALL UGELGCR.A iN  .MK»N,EPS,1ER)  





N  —  
E P S  
1 E R  
O F  P A R A N E T E F S  
T H E  M  B Y  N  M A T R I X  C F  R I G H T  H A N D  S I D E S .  ( D E S T R O Y E D  
C N  R E T U R N  R  C O N T A I N S  T H E  S O L U T I O N  O F  T H E  E Q U A T I O N S  
T H E  W  B Y  M  C O E F F I C I E N T  M A T R I X .  ( D E S T R O Y E D )  
T H E  N U M B E R  O F  E Q U A T I O N S  I N  T H E  S Y S T E M .  
F I R S T  D I M E N S I O N  O F  T H E  A  A N D  R  A R R A Y S  
T H E  N U M B E R  C F  R I G H T  H A N G  S I D E  V E C T O R S .  
A N  I N P U T  C O N S T A N T  W H I C H  I S  U S E D  A S  R E L A T I V E  
T C L E R A N C E  F O R  T E S T  C N  L C S S  O F  S I G N I F I C A N C E .  
R E S U L T I N G  E R R O R  P A R A M E T E R  C O D E D  A S  F O L L O W S  
I E R = 0  
I E R = - 1  
I E R = K  -
M  L E S S  T H A N  1  O R  
E L I M I N A T I O N  S T E P  
N C  E R R C R .  
N C  R E S U L T  B E C A U S E  O F  
P I V O T  E L E M E N T  A T  A N Y  
E C U A L  T O  0 »  
E A R N I N G  D U E  T O  P O S S I B L E  L C S S  O F  S I G N I F I ­
C A N C E  I N D I C A T E D  A T  E L I M I N A T I O N  S T E P  K + 1 ,  
W H E R E  F I V C T  E L E M E N T  W A S  L E S S  T H A N  O R  
E Q U A L  T O  T H E  I N T E R N A L  T O L E R A N C E  E P S  T I M E S  
A B S O L U T E L Y  G R E A T E S T  E L E M E N T  O F  M A T R I X  A .  
R E M A R K S  
I N P U T  M A T R I C E S  P  A N D  A  A R E  A S S U M E D  T O  B E  S T O R E D  C O L U M N W I S E  
O N  R E T U R N  S O L U T I C N  V A T R I X  R  I S  A L S C  S T O R E D  C O L U M N W I S E  
T H E  P R O C E D U R E  G I V E S  R E S U L T S  I F  T H E  N U M B E R  O F  E Q U A T I O N S  M  I S  
U G E L G O O l  
. U G E L G 0  0  2  
U G E L G 0 0 3  
U G E L G 0 0 4  
U G E L G 0 0 5  
U G E L G 0 0 6  
U G E L G 0 0 8  
U G E L G 0 0 7  
U G E L G 0 0 9  
U G E L G O  1 0  
U G E L G O l l  
U G E L G O  1 2  
) U G E L G O 1 3  
•  U G E L G O  I  4 .  
U G E L G O 1 5  
U G E L G O  1 6  
U G E L G O 1 7  
U G E L  G O  1 8  
U G E L G O 1 9  
U G E L G 0 2 0  
U G E L G 0 2 1  
U G E L G 0 2 2  
U G E L G O  2 3  
U G E L G O 2 4  
U G E L G 0 2 5  
U G E L  G O  2 6  
U G E L G O  2 7  
U G E L G 0 2 8  
U G E L G 0 2 9  
U G E L G 0 3 0  
U G E L G 0 3 1  
U G E L G O 3 2  
U G E L G 0 3 3  
U G E L G 0 3 4  
U G E L G 0 3 5  
I-* 
o 
c GREATER THAN 0 AND PIVCT ELEMENTS AT ALL ELIMINATION STEPS UGELG036 
C ARE DIFFERENT FROM 0. HOKEVER WARNING IER=K - IF GIVEN - UGELG037 
C INDICATES POSSIBLE LCSS CF SIGNIFICANCE. IN CASE OF A WELL UGELG033 
C SCALED MATRIX A AND APPROPRIATE TOLERANCE EPS, IER=K MAY BE UGELG039 
C INTERPRETED THAT MATRIX A HAS THE RANK K. NO WARNING IS UGELG040 
C GIVEN IN CASE P=L. UGELG041 
C UGELG042 
C SUBROUTINES AND FUNCTICN SUBPROGRAMS REQUIRED LGELG043 
C NONE UGELG044 
C UGELG045 
C METHCD UGELG046 
C SOLUTION IS DONE BY PEANS OF GAUSS-EL I  A/1 NAT I  CN WITH UGELG047 




SLBROLTINE UGELG(R.A,P.WM,N,EFS,IEF) UGELG052 ^ 
DIMENSION A(1),R(1) UGELG053 A. 
C UGELG054 ^ 
C IF A DOUBLE PRECISION VERSION CF THIS ROUTINE IS DESIRED, THE UGELG055 
C C IN COLUMN 1 SHOULD BE REMOVED FROM THE DOUBLE PRECISION UGELG056 
C STATEMENT WHICH FCLLCWS. UGELG057 
C U GEL GO 58 
DOUBLE PRECISION R,A»PI V,TB.TOL9 PI VI .DASS UGELG059 
C UGELG060 
C THE C MLST ALSO BE REMOVED FRCV DCUBLIE PRECISION STATEMENTS UGELG061 
C APPEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS UGELG062 
C ROUTINE. UGELG063 
C UGELG064 
C THE DOUELE PRECISION VERSION OF THIS SUBROUTINE MUST ALSO UGELG065 
C CONTAIN DOUBLE FRECISICN FORTRAN FUNCTIONS. IN THIS ROUTINE UGELG066 
C THERE ARE TWO REFERENCES TO ABS WHICH MUST BE CHANGED TO DABS. UGELG067 
C UGELG068 
I F ( M ) 2 3 , 2 3 . 1  U G E L G 0 6 9  
C UGELG070 
S E A R C H  F O R  G R E A T E S T  E L E M E N T  I N  M A T R I X  A  U G E L G 0 7 1  
I E R = 0  U G E L G 0 7 2  
P I V = 0  .  U G E L G 0  7 3  
M 2  =  (  M -  1  ) * M M + M  U G E L  G O  7 4  
U G E L G 0 7 5  
D C  3  L l = l . V  U G E L G 0 7 6  
D O  3  L 2 = 1 , M  U G E L G 0 7 7  
L = M M * ( L I - 1 ) + L 2  U G E L G 0 7 8  
T B = O A B S ( A ( L ) >  U G E L G 0 7 9  
I F ( T B - P I V )2 . 2 , 2  U G E L G 0 8 0  
P I V = T E  U G E L G C a i  
I = L  U G E L G 0 8 2  
C O N T  I  N U E  U G E L G 0 8 3  
T C L = E P S * P I V  U G E L G 0 8 4  
U G E L G 0 8 5  
A ( I )  I S  P I V O T  E L E M E N T .  P I  V  C O N T A I N S  T H E  A B S O L U T E  V A L U E  O F  A C  I ) ,  U G E L G 0 8 6  
U G E L G 0 8 7  
S T A R T  E L I M I N A T I O N  L C C P  U G E L G O B S  
L S T = 1  U G E L G 0 8 9  
D C  1 7  K = 1 , h  U G E L G 0 9 0  
U G E L G 0 9 1  
T E S T  C N  S I N G U L A R I T Y  U G E L G 0  9 2  
I F ( P I V ) 2 3 , 2 3 . 4  U G E L G 0 9 3  
I F ( 1 E R ) 7 , 5 , 7  U G E L G 0 9 4  
I F { P I V - T C L ) 6 . 6 , 7  U G E L G 0 9 5  
IER=K-1 U G E L G 0 9 6  
P I V I = 1  . / A (  I )  U G E L G 0 9 7  
J = ( I - l ) / f M  U G E L G 0 9 8  
I = I - J * M M - K  U G E L  G O 9 9  
J=J+L-K U G E L G I O O  
I+K IS ROW-INDEX, J+K CCLUMN -INDEX OF P I V O T  E L E M E N T  U G E L G 1 0 1  
U G E L G 1 0 2  
P I V O T  R O W  R E D U C T I O N  A N D  R O W  I N T E R C H A N G E  I N  R I G H T  HAND S I D E  R  U G E L G 1 0 3  
DO 8  L=K,N*,NN U G E L G 1 0 4  













T 8 = P I V I * R ( L L )  
R ( L L ) - R ( L )  
R ( L ) = T E  
I S  E L I M I N A T I O N  T E R M I N A T E D  
I F ( K - y  ) 9 , 1 8 , 1 8  
1 1 
1 2 
1  3  
C O L U M N  I N T E R C H A N G E  
L E N D = L S T + V - K  
IF( J) 12,12 ,10 
II=J *WM 
D C  1 1  L = L S T , L E N D  
T B = A ( L )  
L L = L + I I  
A ( L ) = A ( L L )  
A( L L  ) = T 8  
R C W  I N T E R C H A N G E  A N D  
D O  1 2  L = L S T , K 2 , M M  
L L = L + I  
T B = P I V I * A (  L L )  
A ( L L > = A ( L )  
A ( L ) - T B  
S A V E  C O L U M N  I N T E R C H A N G E  
A ( L S T ) = J  
I N  M A T R I X  A  
F I V C T  F C W  R E D U C T I O N  I N  M A T R I X  A  
I N F O R M A T I O N  
E L E M E N T  R E D U C T I O N  
P I V = 0 .  
L S T = L S T + 1  
J = 0  
D O  1 6  I I = L S T , L E N D  
P I V I  =  - A ( I I  )  
I S T = I l + H H  
J  =  J +  1  
A N C  N E X T  F I V C T  S E A R C H  
U G E L G l 0 6  
U G E L G 1 0 7  
U G E L G l 0 8  
U G E L G l 0 9  
U G E L G l  1 0  
U G E L G l 1 1  
U G E L G l 1 2  
U G E L G l 1 3  
U G E L G l 1 4  
U G E L G l 1 5  
U G E L G l 1 6  
U G E L G l 1 7  
U G E L G l 1 8  
U G E L G l 1 9  
U G E L G 1 2 0  
U G E L G 1 2 1  
U G E L G l 2 2  
U G E L G l 2 3  
U G E L G 1 2 4  
U G E L G l 2 5  
U G E L G 1 2 6  
U G E L G 1 2 7  
U G E L G l 2 8  
U G E L G 1 2 9  
U G E L G l  3 0  
U G E L G 1 3 1  
U G E L G 1 3 2  
U G E L G l 3 3  
U G E L G 1 3 4  
U G E L G l 3 5  
U G E L G l 3 6  
U G E L G l 3 7  
U G E L G l 3 8  
U G E L G l 3 9  
U G E L G 1 4 0  
u> 




m ^  
H 7^ <-
C ^  7) II II 
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Ifl 00 S 01 4> 
o r H o r r M M O r r m m r % r o n "0 M -4 > r o 
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C ERROR RETURN UGELG178 
2 3  IER=-1 UGELG179 
RETURN UGELGiaO 
E N D  UGELG181 
M 
un 
c S H E L O O 1 0  
c S H E L 0 0 3 0  
c S U 8 R 0 U T  I N E  S H E L T N  S H E L 0 0 4 0  
c S H E L 0 0 5 0  
c P U R P O S E  S H E L 0 0 6 0  
c P R O V  I C E  A N  I N I T I A L  V A L U E  O F  W / B  A N D  W C / B  F O R  U S E  I N  M A I N  S H E L 0 0 7 0  
c P R O G R A M  S Y N k  S H E L 0 0 8 0  
c S H E L 0 0 9 0  
c M E T J - C D  S H E L O l 0 0  
c S U B R O U T I N E  S H E L T N  I M P L E M E N T S  T H E  E G U A T I O N S  F O R  T H E  S H E L O l  1 0  
c O V E R L A P P E D ,  O F F S E T  C O L P L E D  S T R I P L I N E  D E V E L O P E D  B Y  S H E L O l 2 0  
c J .  P A U L  S H E L T C N ,  J R .  —  ' I M P E D A N C E S  O F  O F F S E T  P A R A L L E L - S H E L 0 1 3 0  
c C O U P L E D  S T R I P  T R A N S M I S S I O N  L I N E S . '  I E E E  T R A N S A C T I O N S  O N  S H E L O l 4 0  
c M I C R O W A V E  T H E O R Y  A N D  T E C H N I Q U E S .  M T T - 1 4 ,  J A N U A R Y  1 9 6 6 ,  S H E L O l 5 0  
c P P .  7 - 1 5 .  I N P U T  D A T A  I S  R E C E I V E D  F R O M  A N D  O U T P U T  I S  S H E L O l 6 0  
c T R A N S M I T T E D  T O  M A I N  P R C G R A M  S Y N »  S H E L 0 Ï 7 0  
c S H E L O l l  8 0  
c L I S T  O F  S I G N I F I C A N T  V A R I A B L E  N A M E S  S H E L O  119 0  
c S  I N T E R N A L  S T R I P  S E P A R A T I O N  S H E L 0 2 . 0 0  
c Z O  I M P E C A h C E  C F  S T R I P L I N E  S T R U C T U R E  S H E L 0 2 1 0  
c D E P R  R E L A T I V E  D I E L E C T R I C  C O N S T A N T  S H E L 0 2 2 0  
c S Q T E P R  S Q U A R E  R O O T ( E P R )  S H E L 0 2 3 0  
c R H C  T H E  R A T I C  C F  E V E N  M C C E  T C  C D D  M O D E  I M P E D A N C E S  S H E L 0 2 4 0  
c S O  T R  H O  S Q U A R E  R C O T ( R H C )  S H E L 0 2 5 0  
c W  S T R I P  W I D T H  S H E L 0 2 6 0  
c M C  S T R I P  C V E R L A F  S H E L 0 2 7 0  
c I T  H A S  B E E N  A T T E M P T E D  T C  U S E  M N E M O N I C  N A M E S  F O R  S U C H  S H E L O 2 8 0  
c I N T E F M E C I A T E  V A R I A B L E  N A M E S  A S :  C O ,  A .  B ,  P  ,  Q ,  R .  K , C I  N f - , E T C  .  S H E L 0 2 9 0  
c T H A T  C O R R E S P C N C  T O  U S E A G E S  I N  S H E L T O N ' S  A R T I C L E .  S H E L O  3 0 0  
c S H  E L  0 3 1 1 0  
c S H E L 0 3 3 0  
S U B R O U T I N E  S H E L T N  ( D R H O , D Q T R H O , C Z O  , D S , D E P R , W C , W , J >  S H E L 0 3 4 0  
c S H E L 0 3 5 0  
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F U N C T I O N  S U B P R O G R A M  X P L L S l  
PURPOSE 
I M P L E M E N T S  I T E R A T I O N  F U N C T I O N  F O R  M A I N  P R O G R A M  S Y N *  
I T  F U N C T I O N S  F C F  E C T H  W / E  A N C  H C / E  V A R I A B L E S .  X P L U S l  
C A L C U L A T E S  T H E  X + I T H  V A L L E  ,  U S I N G  T H E  X T H «  X - I T H  A N D  X - 2 T H  
V A L U E S .  
REFERENCE 
P A U L  C .  C H E S T N U T ,  ' C N  D E T E R M I N I N G  T H E  C A P A C I T A N C E  O F  
S H I E L D E D  M U L T I C C N D L C T C R  T R A N S M I S S I O N  L I N E S , *  I E E E  T R A N S ­
A C T I O N S  O N  M I C R O W A V E  T H E O R Y  A N D  T E C H N I Q U E ,  V O L .  M T T - 1 7 ,  
N C .  1 0 ,  C C I C E E F  1 9 6 9 ,  P P .  7 3 4 - 7 4 5 .  
L I S T  O F  S I G N I F I C A N T  V A R I A B L E  N A V E S  
X I  I T H  V A L U E  C F  F U N C T I O N  A R G U M E N T  
X I M l  ( I - l ) T H  V A L U E  O F  F U N C T I O N  A R G U M E N T  
X I M 2  ( I - 2 ) T H  V A L U E  O F  F U N C T I O N  A R G U M E N T  
F X I  F U N C T I O N  V A L L E  A T  A R G U M E N T  X I  
F X I M l  F U N C T I O N  V A L U E  A T  A R G U M E N T  X I M l  
F X I M 2  F U N C T I O N  V A L U E  A T  A R G U M E N T  X I M 2  
D O U B L E  P R E C I S I O N  F U N C T I O N  X P L U S l  (  X I  ,  X  I M  1  ,  X  I  M 2  , F  X  I  , F  X I  M I  ,  F  X I  M 2  )  
D O U B L E  P R E C I S I O N  F X I , F X I I , F X I N 1 , F X I I W 1 , F X I N 2 * F X I I M 2 , F B R A C 1 , F B R A C 2  
* F B R A C 3 , X  I , X I I , X I M 1 , X I 1 M 1 , X  I M 2 , X I I M 2  
X I I = X I  
X I I M 1 = X I M 1  
X  I I M 2 = X I M 2  
F X I I = F X I  
F X I I M 1 = F X I M 1  
X P L U O O 1 0  
. X P L U 0 0  2 0  
X P L U O O 3 0  
X P L U 0 0 4 0  
X P L U 0 0 5 0  
X P L U 0 0 6 0  
X P L U 0 0 7 0  
X P L U 0 0 8 0  
X P L U 0 C 9 0  
X P L U O J O O  
X P L U O l 1 0  
X P L U 0 1 2 0  
X P L U 0 1 3 0  
X P L U 0 1 4 0  
X P L U 0 1 5 0  
X P L U O 1 6 0  
X P L U O l 7 0  
X P L U O  1 8 0  
X P L U 0 1 9 0  
X P L U 0 2 0 0  
X P L U 0 2 1 0  
X P L U 0 2 2 0  
X P L U 0 2 3 0  
X P L U 0 2 4 0  
. X P L U 0 2 5 0  
X P L U 0 2 6 0  
X P L U 0 2 7 0  
X P L U 0 2 8 0  
, X P L U 0 2 9 0  
X P L / 0 3 0 0  
X P L U 0 3 1 0  
X P L U 0 3 2 0  
X P L U 0 3 3 0  
X P L U 0 3 4 0  
X P L U 0 3 5 0  
F X I I M 2 = F X I * 2  
F B R A C  1 = ( F X I I - F X I  I M 1 ) / ( > I I - X I I M 1 )  
F e R A C 2 = ( F X I I - F X I I M 2 ) / ( X I I - X I I M 2 )  
F B R A C 3 = ( F X I I M l - F X I I  M 2 ) / ( X I I M 1 - X I I M 2 )  
K P L U S  1  =  X I  I - F X I I / ( F B R A C  1  +  F B R A C 2 - F B R A C  
R E T U R N  
END 
X P L U 0 3 6 0  
X P L U 0 3 7 0  
XPLUOBSO 
X P L U 0 3 9 0  
X P L U 0 4 0 0  
X P L U 0 4 1 0  
X P L U 0 4 2 0  
